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This is the second issue of “Science and Technology Trends – QuarterlyReview”.
National Institute of Science and Technology Policy (NISTEP) establishedScience and Technology Foresight Center (STFC) in January 2001 to deepen
analysis with inputting state-of-the-art science and technology trends. The
mission of the center is to support national science and technology policy by
providing policy makers with timely and comprehensive knowledge of important
science and technology in Japan and in the world.
STFC has conducted regular surveys with support of around 3000 experts inthe industrial, academic and public sectors who provide us with their
information and opinions through STFC’s expert network system. STFC has been
publishing “Science and Technology Trends” (Japanese version) every month
since April 2001. The first part of this monthly report introduces the latest topics
in life science, ICT, environment, nanotechnology, materials science etc. that are
collected through the expert network. The second part carries insight analysis by
STFC researchers, which covers not only technological trends in specific areas
but also other issues including government R&D budget and foreign countries’
S&T policy. STFC also conducts foresight surveys such as periodical Delphi
surveys. 
This quarterly review is the English version of insight analysis derived fromrecent three issues of “Science and Technology Trends” written in Japanese,
and will be published every three month in principle. You can also see them on
the NISTEP website.
We hope this could be useful to you and appreciate your comments andadvices.
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Director
Science and Technology Foresight Center
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Future of wireless communications system
— Can Japan lead the fourth generation wireless system?
(Original Japanese version: published in April 2001)
Trends in Research and Development of
Next-generation Si-MOS Devices
In June, IBM and Intel made announcements on MOS devices, which are expected
to serve as the core of next-generation LSI technologies. IBM developed a new
technology that increases the mobility of electrons by straining Si crystal lattices.
Intel developed a transistor capable of operating at 20GHz by scaling the gate
length to 20nm. This article mentions the course of direction in device
development from the viewpoint of faster circuit operation and discusses the
importance of the p-channel MOS, which is generally not regarded as highly
important.
(Original Japanese version: published in July 2001)
Trends in Research and Development on
Optical Communication Technologies
As broadband technologies such as DSL and FTTH become widespread, the
demand for optical communication systems with higher transmission capacities is
expected to grow. If the transmission capacity continues to grow by recent rate
(more than two folds every year), the capacity will reach the limit in
approximately 5 years. To date, however, no decisive breakthrough has been
found other than the expansion of the transmission capacity of optical fiber
through extended use of existing technologies.
For this article, we have analyzed these trends in optical communication
technologies and the course of future research and development. As a result, it is
pointed out that basic studies including that on quantum communication
technology need to be conducted in the future through cooperation between
academic, business and governmental sectors, as a course towards finding a
breakthrough.
(Original Japanese version: published in August 2001)
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Trends in Policies Related to the Governmental
R&D Budgets of Japan, the US and Europe
In the US, the President's Budget Message for fiscal 2002 was announced publicly
in April, and Congress is currently in full-scale deliberations on the budget. On the
other hand, in the EU, investments in the priority fields are being studied for the
6th Framework Program that will start from fiscal 2002.
In this feature article, we mainly explain the latest political trends related to the
governmental R&D budgets of the US and EU.
(Original Japanese version: published in May 2001)
The trend of the science and technology policy in
the US
How will America's Bush Administration proceed with their science and
technology policy? This report is composed as a general review of the entire
science and technology policy of the Bush Administration, and the particular
policies in the respective fields. In particular, we cover the energy policy, in which
lines had been switched during the Bush Administration, and the IT policy (the
former Administration attached importance to this field but the Bush
Administration has yet to announce any specific policy) as a contrast, focus on the
respective R&D programs, and discuss about the future directions.
(Original Japanese version: published in June 2001)
Trends in the California State Technology
Innovation Initiative
In California State, a large-scale technology innovation initiative is being executed
jointly by the members of the sectors of industry and academy. This is a trial of
California State in order for the state to continue as the world's most advanced,
high-tech region in the 21st century. In consideration of the scale and frames of
the Initiative and the potential of California State, which has produced various
technological innovations in the past, it is highly expected that new cutting edge
technology for the future will be born.
In this report, we introduce the outlines of this initiative, mainly focusing on the
core institutes and research costs of the CISI Initiative.
(Original Japanese version: published in August 2001)
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Trends in
Canada's Science and Technology Policy
Through policies to keep research talent that had previously been flowing out to
the US and Europe, and policies to attract overseas researchers and organizations,
Canada is succeeding in encouraging the flow of outstanding research talent and
increasing R&D activity. In addition the feature also touches on new experiments
of science and technology policy, such as technology transfer by means of virtual
institutes.
(Original Japanese version: published in September 2001)
Trends in
US Fiscal 2002 Federal R&D Budget Compilation
This paper surveyed the US's fiscal 2002 federal R&D budget, based on the latest
situation surrounding budget compilation. With fiscal 2002 close at hand in the
US (October 2001-September 2002), Congressional deliberations on said federal
budget are entering the final stages, but the greatest issue remains, that of
approving DOD and NIH budgets, which account for about 70% of the federal
R&D budget, and it is predicted that approving the R&D budget of all federal
agencies will be ultimately be delayed until a few months after the fiscal year
commences.
(Original Japanese version: published in September 2001)
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Future of wireless communications system
— Can Japan lead the fourth generation wireless system? —
TOMOE KIYOSADA AND HAJIME YAMADA (affiliated fellow)
Information and Communications Research Unit
1.1 Introduction
For the first time in the world, Japan is to launch
the third-generation wireless communications
service in May 2001. This might provide a golden
opportunity for Japan who strongly hopes to lead
the next (fourth) generation wireless
communications system.
After (1) watching how each nation promotes the
practical application of the third generation
currently and (2) viewing characteristics of the
fourth generation system, this report analyzes
whether Japan can hold a dominant position
toward the fourth generation system and
recommends what Japan should do to raise the
position.
1.2 What is the third-generation
wireless communications
system?
The third generation system is called as "IMT-2000
(International Mobile Telecommunications 2000)".
The "2000" includes following three meanings.
— The practical application is scheduled around
the year 2000
— Frequency around 2000 MHz is used
— Data transfer rate is up to 2000 kbps
The third generation system has following
advantages.
— Data transfer method is unified all over the
world*1.
— High rate of data transfer provides
comfortable environment for data
communications service, such as the i-mode
service.
etc.
1.3 Needs for the third
generation service in Japan,
Europe and the US
Japan, Europe and the US have different attitude
toward the third generation system based on (1)
how globally data transfer methods of the current
second generation system spread, (2) how much
frequency the current systems remains available
for new users, and (3) how much needs for high
rate of data transfer are.
1.3.1  Japan
Japan has desired the third generation system
earnestly because the PDC system of the second
generation, despites the share close to ninety
percent in the domestic market, can't be used
outside Japan, and rapid spread of the i-mode
service of the second generation system has
caused lack of the frequency and demand for
higher data transfer rate.
1.3.2  Europe
Europe isn't so eager as Japan for the third
generation system*2 because (1) the GSM,
European unified method of the second
generation system, is available not only in Europe,
but also in Asia and the US (See Table 1), (2) the
GSM system still leaves enough frequency
available for new users, and (3) the demand for
higher rate of data transfer is smaller than Japan
due to less spread of mobile Internet service, such
as the i-mode. Furthermore, the methods*3 such as
GPRS, EDGE, HDR, etc., which have been
improved on the GSM method, raise the data
transfer rate nearly to that of the third generation
method.
By the way, Europe was once excited at the third
generation system with its large market potential.
Many European carriers boosted up the contract
price at license auction to get frequency of the
third generation system. As the result, the
successful bidders are at great pains to make
money for facility investment of the third
generation system ironically.
1.3.3  The US
The US has the least needs for the third generation
service than Japan and Europe, for the first-
generation analog system still accounts for large
share of wireless service and the second
generation systems, such as GSM, cdmaOne, etc.
are on the road to spread in the US.
At the present, both the first and second
generation systems leave enough frequency
available for new users. Furthermore, in the US,
similarly in Europe, the demand for higher rate of
data transfer is smaller than Japan due to less
spread of mobile Internet service, such as the i-
mode. Furthermore, the methods*4 such as GPRS,
HDR, etc. raise the data transfer rate nearly to that
of the third generation method.
So, the US isn't so eager for third generation
communications system as Japan, too.
1.4 What is the fourth generation
wireless communications
system?
Details of the fourth generation systems haven't
fixed yet. So, let's presume performance of the
fourth generation system on the analogy of
development history of the wireless
communications system. Figure 1 characterizes
each generation by date transfer rate (x-axis) and
user mobility (y-axis).
The second generation system realizes high
mobility, but can't realize high rate of data
transfer*5. Next, the PHS improves the rate of data
transfer up to 144kbps, but sacrifices the mobility.
Currently, the third generation system is improving
the mobility of the PHS system and the rate of data
transfer up to 384kbps at the present. As just
described, the wireless communications system
has improved the performance of mobility and
data transfer rate mutually. In this way, the fourth
generation system may improve the mobility and
the rate of data transfer more than the third
generation system.
By the way, the wireless LAN system is in progress
parallel to the development of the third generation
system.Though the mobility of the wireless LAN is
small, the data transfer rate is far exceeding that of
the third generation system. Now, wireless LAN
system is spreading mainly in offices and will be a
formidable competitor of the third generation
8
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Table 1: Number of subscribers for wireless communications systems (As of December 2000)
Generation Communications Subscribers World market share
method (in millions) (%)
Second-generation GSM 397 60.7
(digital) CdmaOne 76 11.6
PDC 50 7.6
Others 56 8.6
First-generation (analog) 75 11.5
Total 654
Source: public release by the GSM Association   http://www.gsmworld.com
Figure 1: Advancement of wireless communications
systems
Source: Author's own compilation
system as a system which will evolve to the fourth
generation system.
The ITU-R (Wireless Technology Department of
the International Telecommunication Union) will
standardize the fourth generation system around
2010 based on proposals from member nations. In
Japan, the Telecommunications Council*6 is to
unveil the starting draft of the proposal*7 in June
2001.This draft will be a model for other nations
to make their proposals.
1.5 Key technologies of
the fourth-generation system
1.5.1  IP systemization
The fourth generation system is expected to adopt
IP. By doing this, wireless network can be
connected seamlessly with wired one, and the
Internet service will become more familiar to
mobile users.
Furthermore, 3GPP (3rd Generation Partnership
Project) intends to adopt the IP in the third
generation system, and a mobile user may enjoy
seamless communications before the fourth
generation service would start.
1.5.2  MMAC
MMAC (Multimedia Mobile Access Communication
Systems) is a system that realizes high-speed and
high-quality wireless communications (see Table
2). Furthermore, the MMAC provides seamless
communications service connected to optical
fiber networks.
In Japan, the MMAC Promotion Council develops*8
the MMAC and will launch the system around
2002.
Similarly, the BRAN (Broadband Radio Access
Networks) in Europe and the U-NII (Unlicensed
National Information Infrastructure) in the U.S. is
developing the MMAC system.
The MMAC Promotion Council works in close
cooperation with the BRAN and the U-NII.
1.5.3  OFDM
OFDM (Orthogonal Frequency Division
Multiplexing) is a strong candidate for data
transfer method of the MMAC. Using many spectra
simultaneously, OFDM realizes high-speed data
transfer. Compared to a conventional method that
uses a single spectrum, higher speed can be
realized especially in multi-path environment.
Originally, OFDM is developed in Europe for
digital broadcasting application. Only recently,
Japan promotes R&D of OFDM at the initiative of
private companies and universities. Also, the US
established OFDM Forum in March 2000 and the
Forum promotes R&D of the OFDM.
1.5.4  Software Defined Radio
Software Defined Radio (SDR) is technology that
reconfigures system architecture by programming
dynamically the software. When the fourth
generation system spreads, various generation
systems, such as PDC, GSM, cdmaOne, W-CDMA,
cdma2000, etc., would coexist. If the current
manner, i.e. a handset adopts a communications
method, still keep the mainstream, users of
different methods have to prepare for the other
handset to communicate each other.This will cast
a lot. However, as SDR can reconfigure
characteristics of the handset system, provides an
efficient and comparatively inexpensive solution.
Originally, the US started research of SDR for
military use early in 1990's and converted it for
civil use. Late in 1990's Japan and Europe began
research of SDR for civil use, too. Table 3
summarizes major R&D activities of SDR in the
world.
9
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Table 2: MMAC specifications
Source: Public release by the MMAC Promotion Council   http://www.gsmworld.com
High-speed Ultra high-speed 5GHz band Wireless
wireless access WLAN mobile access homelink
Transfer speed 30Mbps 156 Mbps 20 ~ 25 Mbps 30 ~ 100 Mbps
Mobility Standing ~ Standing Standing ~ Standing ~ Walking Walking Walking
Frequency band 25,40,60 GHz 60 GHz 5 GHz 5,25,40,60 GHz
1.5.5  AAA
AAA (Adaptive Array Antenna) is technology that
sends and receives only signals of a particular
direction by controlling each signal independently
with many antennas allayed in a line. AAA is also
called as smart antenna.
The fourth generation system will adopt higher
frequency, such as micro one to transfer large
volume of data coincidentally. As the result, there
is fear that the signal might be vulnerable to
interference from the reflected waves and waves
from other users. Hence, AAA would be critical
technology of the fourth generation system.
Table 4 indicates the developmental process of
AAA.
1.6 Ad hoc network;
new concept of network
utilization
An ad hoc network connects autonomously each
terminal which can communicate without
passing the conventional cell station. (see Figure
2). Though a conventional wireless network has
evolved with expensive cell stations, an ad hoc
10
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Table 3: Software wireless development activities
Source: Author's compilation of followings.
— Public release by the SORT (Software Radio Technologies)
— Public release by the SLATS (Software Libraries for Advanced Terminal Solutions)
— Public release by the PROMURA (Programmable Multimode Radio for Multimedia Wireless Terminals)
— Public release by the Glomo (Global Mobile)
— Public release by the DARPA (Defense Advanced Research Projects Agency)
— Public release by the SDR Forum (Software Defined Radio Forum)
Country Group Activities
Japan Software Radio — Established under the Communications Society of the Institute of Electronics, 
Study Group Information and Communication Engineering.
— Members are from industry, university and government.
— Promote research related to logic, technological development, system application and 
standardization.
Europe SORT Program — Members are from industry, university and government.
— Promote research related to both satellite and ground waves
SLATS Program — Members are from industry and university.
— Develop software module with both 2nd and 3rd generation systems
(for commercial use).
PROMURA Program — Members are from industry and university.
— Develop broadband wireless circuit covering 500MHz ~ 2500MHz.
U.S. Glomo Project — Sponsored by DARPA and researchers from industry and universities participate
— Research and development of distributed-packet wireless network.
Worldwide SDR Forum — Non-profit and publicly open organization
— Members are from industry, university and government of the US, Europe and Asia.
— Explore market opportunity and promote standardization of the system interface
Table 4: Developmental process of AAA
Source: Author's own compilation
Period Country Activities
sprouting U.S. — Military started R&D of AAA in 1960s to eliminate jamming signals from enemies
period Japan — Universities started R&D of AAA for civil use early in 1980s.
Diversified Europe — TSUNAMI (Technology in Smart antennas for the Universal Advanced Mobile Infrastructure) started 
period in the middle of 1990s
— TSUNAMI is a project to substantiate the method of AAA
— TSUNAMI touched off worldwide fever of AAA
progressive Japan — The Association of Radio Industries and Businesses implemented AAA project for application to 
period PHS in 1999 and 2000 supported by industry.
— The Communications Research Laboratory, major carriers, major device companies and 
universities is promoting R&D of AAAS independently or jointly toward the fourth generation system.
Europe — Several AAA projects continue without cessation
U.S. — Each company is tackling commercialization of AAAS independently.
network can be built by connecting by connecting
common terminals. On this account, an ad hoc
network has great potential to spread rapidly with
free or low costs. Application of ad hoc network,
such as ubiquitous office, conference room, etc
gets business attention. Another application is an
ad hoc network where moving vehicles link each
other and exchange traffic, accident or weather
information (see Figure 3).
1.7 Regulation of frequency
allocation for the fourth
generation system
Distribution of electric waves for the fourth-
generation system
Quick and sufficient allocation of the frequency is
essential for the fourth generation system to
spread widely and smoothly.
Now, Japan lacks frequency due to rapid spread of
wireless services and needs to reallocate the
whole frequency band to get enough frequency
for the fourth generation system.
In "e-Japan Strategy", announced in January 2001
during the IT strategy conference by the
government, "examination and execution of fair
and transparent allocation of electric waves with
considerations of auctions, etc." is proposed
concerning the distribution of electric waves. In
many leading countries including the U.S., the
reform of the electric wave resource distribution
system is being carried out with competition
entry by auctions as the axis.
Although this system is superior in the sense that
it gives equal opportunity for electric wave
distribution to promote competition, the price for
the third-generation system license skyrocketed
with Europe as the center and caused delay in the
start of the service as well as shifting of the usage
fee of the current system. In the Western
countries, there is also the criticism of the fact the
currently unused frequency band cannot be
11
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Figure 2: Conventional network vs. autonomous distributed one
* Even if user A and user C are in the same mobile cell,
communications between them have to pass the cell station B
* terminal is autonomously connected to others and can
communicate each other without passing the cell station.
(Ad hoc network)(Conventional network)
Figure 3: Adhoc network for communications among automobiles
redistributed since the license period is unclear.
It is important for Japan to fully consider these
problems and examine the distribution system.
1.8 Japan's competitive force
concerning wireless
communications systems
Concerning wireless communications systems in
general, Japan is stronger than the Western
countries in terms of commercialization
technology. On the other hand, Japan is relatively
weak concerning system technologies.
In Europe, there are constant deliberations with
complete IP usage for wireless communication,
cable communication and broadcasting. It is also
important for Japan to propose new services by
structuring concepts of new systems without
getting too focused on the research and
development of technologies concerning
individual elements.
Japan is also weak in terms of launching concepts
of new systems such as the software wireless.
Professor Ryuji Kawano of Yokohama National
University, who is the representative of the
Software Wireless Study Group states, "Japan is
superior in the manufacturing technology of
software wireless. However, there is great
possibility that the patent will be held down by
overseas companies, mainly US companies. If this
continues, more royalties will go overseas the
more we manufacture hardware."  With these
problem points in mind, the Software Wireless
Study Group is actively making deliberations
concerning not only the hardware but leading
concepts such as the description conditions of
interfaces, etc. There is great expectation for the
future of the study group.
Furthermore, Professor Yasutaka Ogawa of
Hokkaido University points out, "Japan has applied
AAA in PHS before the rest of the world. The
research and development level of our country is
not inferior from a global standpoint. However,
when considering that there were researches to
apply AAA to wireless communications systems in
the early 1980's, we would have had a great lead
over the rest of the world in this field if there
were appropriate support for the research." Our
country needs to appropriately evaluate new ideas
on our own and help nurture them.
On the other hand, Professor Yoshihiko Akaiwa of
Kyushu University (developer of the PDC system)
states, "In Japan, there is very little contribution of
universities to the research and development of
wireless communications systems. This prevents
out competitive force from increasing." When
research themes are being selected and promoted
by colleges in the future, considerations of needs
by the industrial world is necessary as well as
mutual collaboration so that the industrial world
can effectively utilize the research results of
universities.
1.9 Future trend related to the
fourth-generation system
Usage of IP is a precondition of the fourth-
generation wireless communications system and
expensive switchboards will be replaced by cheap
Internet routers. The communication method will
change from circuit switching to IP telephones
(voice over IP) using the Internet (see Figure 4)
and there is a great chance that call charges will
drastically decrease.
Furthermore, the data transmission speed of the
fourth-generation system will be in a different
dimension and smooth transmission of color
motion pictures will be possible. Mobile phones
with built-in video cameras will be common and
communication by looking at the called party will
also be possible. Downloading of music video and
transmission of sports news and digests will also
be standard services.
At the present, there is a communication charge of
about 150 yen for downloading a three-minute
song. When using this call charge system,
communication charges will be extremely high.
Since there is a limit to how much a user can
spend, there is a possibility that electric
communication companies will be forced to lower
the communication charge per bit.
There is also the possibility of ad hoc networks
connecting organically and autonomously to
create wide networks. Professor Susumu Yoshida
of Kyoto University predicts, "There is the
possibility of automobiles equipped with
broadband wireless routers becoming moving
base stations. In addition, placing wireless routers
12
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and wireless transmission devices in various
locations and mutually connecting them will
realize shared networks. By shared network users
providing such base stations, civic sharing
network that can be used at a fixed fee will be
realized."
It is important for Japan to predict such changes
in society and deliberate on the way the fourth-
generation system is to be.
1.10 Conclusion
Japan is getting worldwide attention by starting
the third generation wireless communications
service for the first time in the world. Taking this
good chance, Japan could also lead the fourth
generation service if Japan seriously tackle issues
related to frequency allocation, application
development and the standardization of data
transfer method for the fourth generation system.
Reference
*1 In fact, the method hasn't been unified due to
egocentrism conf lict among nations and
companies, and finally both Japan/Europe
method, W-CDMA and the US method,
cdma2000 are adopted into the third
generation system. However, whichever
method of data transfer is adopted, the user
can use the third generation service.
*2 Europe will start the third-generation service
in fall, 2001.
*3 These improved methods are categorized into
the 2.5 generation.
*4 These improved methods are categorized into
the 2.5 generation.
*5 The rate of the second generation system is
9.6 kbps.
*6 An advisory body for the Ministry of Public
Management, Home Affairs, Posts and
Telecommunications
*7 Currently, the data transfer rate of the fourth
generation system is estimated to be up to
100Mbps when a user is still or moving slowly,
and 20-30Mbs when a user is moving rapidly
by a train or a car.
*8 The MMAC Promotion Council consists of
major electric companies, manufacturers, etc.
Currently, the member counts over 100.
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Figure 4: Change in communication system
(Conventional circuit exchange system)
(Original Japanese version: published in April 2001)
* This report is partly revised because of the situation change after April 2001.
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2
Trends in Research and Development of
Next-generation Si-MOS Devices
ATSUSHI OGASAWARA
Information and Communications Research Unit
2.1 Introduction
Preceding the VLSI Symposium (held from June
12), which is one of the major international
meetings for research findings on semiconductor
devices that are fundamental elements of IT,
important announcements that indicated future
directions for Si-MOS devices were made by IBM
(on June 8) and Intel (on June 9).
The June 8 announcement made by IBM focused
on their achievement of increasing the operating
speed of a MOS transistor by extending Si crystal
lattices to increase the mobility of the electrons in
the transistor's channel without changing the
design rule. The other announcement by Intel
focused on their achievement in further scalinging
the gate length of a MOS device from 30nm to
20nm (0.13µm, or 130nm, with the existing
process).
According to newspapers and other mass media,
the two announcements have drawn much
attention since they exceeded the Si-MOS
transistor's capacity, which was estimated to reach
the limit in the first decade of the 2000s, and they
made it possible to hold Moore's Law - the number
of transistors per square inch on integrated
circuits doubles every 24 to 48 months - until the
2010s.
However, this article will not explain the operating
speed of a single transistor, but will examine the
two announcements by IBM and Intel and discuss
their significance.
2.2 IBM's and Intel's
Announcements
2.2.1  IBM
IBM announced that it developed a transistor with
increased mobility of electrons by extending the Si
crystal lattice to eliminate the main cause of
electron dispersions through combining the SiGe
layer and the Si layer.
In comparison to existing MOS transistors under
the same design rule, the IBM transistor's speed
can be increased by approx. 70% in electron's
mobility and 35% in chip performance, according
to IBM.
In other words, the announcement indicated that
the performance can be increased by 35% without
further scaling transistors.
2.2.2  Intel
In December 2000, Intel developed a transistor
with an effective gate length*1 of 30nm (70nm
under the process rule), which shook device
researchers. However, only 6 months later, the
company developed a MOS transistor that has an
effective gate length of 20nm (45nm under the
process rule) and an oxide film thickness of 0.8nm
(equivalent of 3 atoms), and is capable of turning
on/off 1,500 billion times per second. This
represents 1,000 times the switching speed of
existing MPU (micro processing unit) transistors.
Intel plans to commercialize an MPU operating at
20GHz using this transistor by 2007.
2.3 Concept of High-speed
Transistors
As stated earlier, IBM increased the operating
speed by improving the mobility of electrons,
while Intel achieved it by further reducing the
gate length. However, the realization of high-
speed transistors does not necessarily mean the
realization of a logic circuit operating at high
speed or the realization of faster LSIs such as
MPUs.
In fact, the strained silicon technology announced
by IBM is the same technology that supported the
phenomenon observed in thin-film SOI MOSes
produced from direct bonding SOI*2 or SIMOX
(oxygen ion impregnated SOI) between the late
1980s and the early 1990s. Although the two
technologies differ in the cause of stress imposed
on Si, i.e., the Si-SiO2 interface or the Si-SiGe
interface, they equally form strained lattices in
principle.
With the strained SOI MOS device, like the
transistor announced by IBM, the speed of the n-
channel MOS, which uses electrons as the carrier,
increased by more than 10% as a result of
reducing the effective mass of the electron and
eliminating the causes of dispersion. On the
contrary, with the p-channel MOS, which uses
holes as the carrier, the effective mass of holes
increased, causing the mobility to drop and
decreasing the operating speed to a level slower
than ordinary p-channel MOSes, which comply
with the same design rule.
This stirred a heated debate among SOI
researchers, including those at Stanford University,
UCB (University of California Berkley), Hewlett-
Packard and Xerox, as well as scientists at MIT in
the east coast and IMEC in Europe.
In many logic circuits we use as LSIs, so-called
CMOS (complementary metal oxide
semiconductor), a combination of an n-channel
MOS that uses electrons (negative charge) as the
carrier and a p-channel MOS that uses holes
(positive charge) as the carrier, plays an important
role. This means that in many logic circuits, if only
the n-channel is fast, the overall performance may
not necessarily be fast. Of course, it is not
impossible to make up a circuit with n-channel
transistors only. However, if such a circuit makeup
had been expected to become the mainstay, the
GaAs transistor*3, which was several times faster
than Si even at that time, would have dominated
the market.
The debate came to a conclusion that although
the faster n-channel MOS would be attractive, it
was more important to balance between the n-
channel and p-channel transistors and keep both
components fast. (At that time, other than this
problem, there were many more problems caused
by factors such as the Si-SiO2 interface, local stress
on the transistor, and high field strength. Thus, no
high-speed transistor was put into practical use.)
2.4 Course of Direction for
High-speed Transistor
From the viewpoints outlined above, it may appear
that the announcement by IBM lacks originality
because it is based on conventional technologies
discussed in past debates. However, the
announcement is still notable in it has clearly
established a design concept of aggressively
controlling the effective mass and the mobility of
a Si-MOS transistor by using strained lattices.
In the field of semiconductor lasers, design
technologies for the strained quantum well
structure rapidly advanced over the past 10 years,
and the strained quantum well structure has been
applied to the laser units of most CD, MD and DVD
players available on the market today. Even in this
field, there was also a fierce debate in the
beginning on reliability and other factors in
straining crystals, and it was pointed out that
commercialization would be difficult since it was
necessary to control multiple layers at the nano
level. However, these challenges have been
overcome today, and the strained quantum well
structure is incorporated even in mass-
manufactured game machines and inexpensive
laser pointers priced at less than 1,000 yen. Taking
this into account, the approach of making the
most of strained lattices to control the solid-state
properties is commercially feasible and a
preferable alternative.
However, unlike laser units, which are frequently
used as discrete devices, transistors are required to
serve as large-scale integrated circuits. And, it is
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problematic that the future of p-channel MOS
transistors, which are the other components for
the devices, and of CMOS, which combines both,
is not mentioned.
By contrast, Intel has steadily advanced
miniaturization by taking advantage of the cutting-
edge EUV technology reported in the May 2001
issue of "Science and Technology Trends (Japanese
version)," and thus, it can be said that Intel has
been on the high road. This approach is basically
the same as the conventional methods and seems
to have only few problems. However, is it really
correct to only take that approach?
Concerning circuit performances, even with the
present n-channel and p-channel, MOSes have
different drive capacities and, in fact they are
unbalanced. When comparing the transistor areas
between the n-channel MOS and the p-channel
MOS, the latter is 3 times larger than the former.
There is an opinion that in order to increase the
overall speed of the circuit, it is preferable to raise
the speed of the p-channel MOS while slightly
reducing the speed of n-channel MOS (priority is
given to increasing the mobility of the hole rather
than the electrons) because it will increase the
rate-determining unit's performance. Based on
this opinion, Ohmi Lab of Tohoku University has
studied the formation of transistors on the (111)
crystal surface of Si (existing MOS LSIs are formed
on the (100) surface). In addition, if the
compression stress is imposed on Si as opposed to
the IBM announcement, a similar result may be
obtained. Thus, there may be other alternatives as
well. In fact, at the recent IEDM (IEEE
International Electron Device Meeting, December
2001), UCB presented an effort to increase the
performance of the p-channel MOS by straining
SiGe. Although such approaches may seem
inconspicuous, they should be considered very
important.
2.5 Conclusion
Instead of focusing on the speed of a single
transistor, it is desirable to discuss how to achieve
maximum performance in terms of the whole
circuit and the whole LSI, and what should be
done for that. The June issue of "Science and
Technology Trends (Japanese version)" also
mentioned the problem of wiring in high-speed
MPUs, indicating that it is increasingly important
to study next-generation Si-MOS devices from
diversified points of view.
Note:
On June 25, IBM announced a high-speed
transistor that operates at 210GHz. This is a type
of bipolar transistor called HBT (hetero bipolar
transistor). It is mainly used for RF
communication and also as a component of super
computers. Bipolar transistors were the mainstay
when most super computer architectures used
vector processors. However, amid the current
situation where multiple general-purpose
processors operate in parallel (multi processors)
and multiple computers operate in parallel
(cluster) as the mainstay architecture, MOS
transistors are becoming the mainstay component
for high-speed computing. Therefore, they are not
mentioned in this article.
Glossary
*1 Effective gate length
The physical length of a MOS transistor's gate
electrode is called the gate length. However,
elements that form the source and drain
electrode areas immediately beneath the gate
are partially dispersed, making the area that
actually acts as the gate shorter than the gate
electrode. This actual gate length is called the
effective gate length. Since this gap is large
with a miniaturized MOS, the effective gate
length is used in many cases.
*2 SOI (silicon on insulator)
With Si crystals used in most LSIs, Si cannot be
used as an insulator, and multiple transistors
are electrically separated with the pn junction.
However, it generates a parasitic current that
also acts to suppress high-speed operation of a
transistor. Accordingly, the SOI structure
where a Si layer is formed as the operating
layer on the SiO2 insulation to produce a
transistor has been tested.
*3 GaAs transistor
This represents gallium arsenide transistor.
This transistor was considered the favorite for
high-speed devices until 10 years ago. It is a
chemical compound semiconductor consisting
16
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
of Ga (gallium) and As (arsenic). Since the
speed of its electrons is several times faster
than Si, research has been conducted on this
transistor as a component of super computers.
However, it has lost its position as an element
for digital circuits for several reasons such as
the difficulty in obtaining quality insulation
films (oxide films) like SiO2 for Si MOS,
difficulty in producing a mutually
complementary circuit like CMOS by
producing a p-channel transistor, and the
inability to obtain a specific advantage as
comparable to the gap in electron mobility
because the element was not significantly
downsized as opposed to Si. This component
is widely used in analog RF communication
applications such as for satellite broadcast
reception and mobile phones.
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(Original Japanese version: published in July 2001)
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3
Trends in Research and Development on
Optical Communication Technologies
MASAHIRO MATSUKUBO
Information and Communications Research Unit
3.1 Introduction
In 1970, Hayashi et.al. in the Bell laboratory
succeeded the continuous oscillation of AlGaAs-
based semiconductor laser at room temperature,
and Corning developed a low-loss optical fiber .
Since these two breakthroughs, optical
communication technologies have been
developed to realize more large capacity for
communication networks, especially in trunk-line
networks. The transmission capacity per optical
fiber has been increasing by two folds each year,
and products with a transmission capacity of 2
Tbps*1 have recently been put on the market.
With widespread of broadband communication
technologies such as DSL and FTTH (Fiber To The
Home), it is expected to grow the demand for
optical communication systems with higher
transmission capacities. In the meantime, it is said
that the capacity per optical fiber is reaching the
limit. This article will outline the trends in optical
communication technologies and the future
course of research and development.
3.2 History of Research and
Development in Optical
CommunicationTechnologies
Research and development in optical
communication technologies became brisk in the
1970s. In the first period, systems using 1.3µm
wavelength were researched and developed. In
this wavelength, the SiO2, optical fiber material,
have low dispersion, it means light signals can
reach more long-distance. And also the InGaAsP
semiconductor laser had been developed which is
capable of oscillating at 1.3µm wavelength,. As a
result of this, the trancemission capacity of
commercialized optical communication systems
had reached 400 Mbps in 1983, and 1.6 Gbps in
1987.
Following this, research and development on a
system using a 1.55µm wavelength was carried
out in order to reduce the number of relays and
increase the stability of the system, because SiO2
have lowest dispersion coefficient in this
wavelength. But there was the following problem:
InGaAsP semiconductor laser used in 1.3µm
systems was oscillated additional undesirable light
along with the 1.55µm signals in highspeed
trancemission like 400 Mbps. So the transmitted
signals could not be identified cause of the
wavelength dispersion. This problem was solved
by development of a distributed-feedback (DFB)
type laser, that oscillates only the 1.55µm
wavelength even at high-speed operation. And
thus, the development of systems using a 1.55µm
wavelength began.
As a result, an optical communication system with
a transmission speed of 600 Mbps was
commercialized in 1989, and a system at 2.4 Gbps
was put on the market in 1990. In 1989, an optical
fiber amplifier that directly amplifies light pulse
signals by adding an atom called Er (erbium) to
the quartz fiber core was invented in England. The
advent of the optical fiber amplifier drastically
increased the un-relayed transmission distances of
optical communication systems. In addition, since
the optical fiber amplifier is capable of amplifying
signals on wide wavelength, it has greatly helped
in the development of the wavelength-division
multiplexing technology, for which the facilities
and devices are being standardized.
3.3 The Mechanism of
Optical Communication
To put it simply, optical communication can be
explained as "blinking a light to transmit a signal
through an optical fiber to the other end."  The
blinking light, which has been generated by
turning on and off an electric signal to be input
into a semiconductor laser, goes through an
optical fiber to the other end. At the receiving
end, the transmitted blinking light signal is
converted into an electric signal using a
photodiode.
There are two types of optical transmission
systems: time-division multiplexing (TDM), which
uses time slots where the signal to be transmitted
is divided at given time intervals, as
communication channels (Figure 1); and
wavelength-division multiplexing (WDM), which
increases transmission capacity by simultaneously
sending different carrier waves with different
wavelengths (Figure 2).
Until the first half of 1990, optical
communications systems based on the time-
division multiplexing technology were the
mainstay method. However, since a
communication carrier in North America adopted
the world's first optical communication system
based on the wavelength-division multiplexing
technology in 1996, the number of WDM-based
optical communication systems has rapidly
increased.
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Figure 1: Mechanism of time-division multiplexing (TDM)
Figure 2: Mechanism of wavelength-division multiplexing (WDM)
3.4 Present State of Optical
Communication Networks in
Japan and Abroad
3.4.1  Present State of Backbone Optical
Communication Networks in Japan
As a result of promoting the research and
development of optical communication systems,
including light-emitting/photo-receptive devices
such as semiconductor lasers and photodiodes,
basic technologies for optical communication
were established by the early 1980s. In Japan,
backbone optical communication networks
started to be built in the early 1980s, and a
backbone optical communication network that
covers Hokkaido to Okinawa was completed in
1985. The expansion of the backbone optical
communication network continued, and in
response to the volume of information flowing on
networks (called "traffic"), which began to steeply
increase around 1992, a new optical
communication network with a transmission
capacity of 10 Gbps was structured in 1996. In
the meantime, KDDI started operation of JIH
(Japan Information Highway), which has a
transmission capacity of 100 Gbps, in April 1999,
and the "Power Nets Japan," which was jointly
established by 10 NCCs (New Common Carrier) in
the electric power industry, began operating an
optical communication network with a capacity of
100 Gbps in August 2000.
3.4.2  Present State of Optical Communication
Networks Linking Japan and Foreign
Markets
Efforts to increase transmission capacities have
been made also in the field of international optical
communication cables that connect Japan to
abroad, in order to respond to increased data
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Table 1: International submarine cable networks that include Japan
As of February 2000
Note: The link between the mainland US and Guam will become operational in the 3rd qr. of 2000.
Source: 2000 White Paper Information and Communication in Japan, the Ministry of Public Management, Home Affairs, Posts and
Telecommunications
Transmission Distance Start ofName operation Landing point
capacity (bps) (km) (year)
TPC-3 840M 9070 1989 Japan (Chikura), US (Guam, Hawaii)
TPC-4 1.12G 9850 1992 Japan (Chikura), US (Point Arena), Canada (Port Albany)
TPC- 10G 25000 1995 Japan (Miyazaki, Ninomiya), US (Bandon, San Luis Obispo, Hawaii, 
SCN 1996 Guam)
NPC 420M 30000 1990 Japan (Miura), US (Pacific City, Seward)
APC 1.68G 7500 1993 Japan (Miyazaki, Miura), Taiwan (Toucheng), Hong Kong, Malaysia, 
Singapore
APCN 10G 15000 1996 Japan (Miyazaki), South Korea (Pusan), Taiwan (Toucheng), Hong Kong,
1997 the Philippines, Malaysia, Singapore, Thailand, Indonesia, Australia
R-J-K 1.12G 1715 1995 Japan (Naoetsu), Russia (Nakhodka), South Korea (Pusan)
H-J-K 560M 4600 1990 Japan (Chikura), South Korea (Cheju), Hong Kong
C-JFO 560M 1250 1993 Japan (Miyazaki), China (Nan Hai)
SK
FLAG 10G 27000 1998 Japan (Okinawa), South Korea (Koje), China (Nan Hai), Hong Kong,
Thailand, Malaysia, India, Egypt, Italy, Spain, UK
SEA-M 20G 38000 1999 Japan (Okinawa), South Korea (Koje), China (Shanghai, Shantou),
E-WE3 Taiwan (Toucheng, Fansan), Hong Kong, Macao, the Philippines, Brunei,
Vietnam, Singapore, Malaysia, Indonesia, Australia, Thailand, Myanmar,
Sri Lanka, India, Pakistan, the United Arab Emirates, Oman, Djibouti,
Saudi Arabia, Egypt, Turkey, Cyprus, Greece, Italy, Morocco, Portugal,
France, UK, Belgium, Germany
PC-1 160G 20900 2000 Japan (Ajigaura, Shima), US (Norma Beach, Tolo Creek)
China- 80G 30000 2000 Japan (Chikura, Okinawa), China (Songshan), US (Bandon,
USCN San Luis Obispo, Hawaii, Guam)
traffic resulting from greater usage of the Internet.
As shown in Table 1, the first international optical
communication system operating in Japan was
called "TPC-3," which connected Japan and the
United States via a Pacific Ocean route.
TPC-3 began operations in 1989 with a cable
conduit length of 10,000 km and a transmission
capacity of 840 Mbps. In 1995, several
international optical communication systems
including "R-J-K," which links Japan, Russia and
South Korea, started operations.
In a more recent case, an optical communication
cable called "APCN2," which links Japan, Taiwan,
China, Hong Kong, Malaysia and Singapore in a
loop form, has been under construction since June
1999. It will begin operations in 2002. This
system uses a technology called DWDM (dense
wavelength division multiplexing), and has a
transmission capacity of 1,280 Gbps.
3.5 Trends in Research and
Development on Optical
CommunicationTechnologies
3.5.1  Larger Transmission Capacities of
Optical Fibers
In preparation for increased transmission
capacities of optical fibers, research and
development efforts are being made in the
following areas.
(1) Optical amplification technology capable of
amplifying signals in a new waveband
(2) Signal modulation technology to increase the
number of optical signals that can be
multiplexed in a certain waveband
Of the wavelength-division multiplexing systems
announced at the "International Optical Fiber
Conference 2001 (OFC 2001)" held in the United
States in March 2001, NEC's system with a
transmission capacity of 10.9 Tbps (40 Gbps
/wavelength x 273 wavelengths) per optical fiber
and Alcatel's 10.2 Tbps (42.7 Gbps/wavelength x
256 wavelengths) system were the best systems in
terms of transmission capacity.
The major features of NEC's system are that it is
equipped with a newly developed optical
amplifier for a new waveband called "S band"
(1,477nm to 1,508nm) in addition to the C
(1,527nm to 1,563nm) and L (1,570m to 1,610nm)
amplifying bands of an erbium amplifier, the
current mainstay optical amplifier, and that it
adopts a multiplexing and demultiplexing
technology that takes advantage of the
orthogonality of deflection in order to arrange
signals in high density.
Alcatel's system is characteristic in that it uses the
VSB (vestigial side band) modulation mode, a
popular technology frequently used in radio signal
processing, in addition to a multiplexing and
demultiplexing technology that utilizes the
orthogonality of def lection, improving the
frequency usage2) to increase the number of
wavelengths to be multiplexed.
Concerning the SSB (single side band) modulation
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Figure 3: The SSB and VSB modulation modes
component
mode, which has higher frequency usage than the
VSB modulation mode, the Communication
Research Laboratory — an independent
administrative institution in Japan — has been
conducting research and development activities in
this area.
Figure 3 shows the characteristics of the SSB and
VSB modulation modes.
3.5.2  Faster Control of Channels in
the Connection between Networks
(1) Research and Development on Optical
Switches
These days, a great number of wavelength-division
communication networks have been introduced,
and the number of relay points for mutually
connecting wavelength-division communication
networks is also increasing.
When changing the channel to another line
because error or traffic congestion has occurred
on a line, it is necessary to extract only the desired
optical signal from the multiplexed signals or
convert it to a different wavelength.
Currently, for these processes, optical signals are
converted to electrical signals. However, the same
number of electric circuits for converting optical
signals to electrical signals and of devices such as
a laser diode controller to that of wavelengths to
be multiplexed must be prepared. Nevertheless, it
is feared that when a wavelength-division
multiplexing system with more than 100
wavelengths to be multiplexed has been
commercialized, the manufacturing cost may rise
because the conversion circuit will have to be
larger in scale. Accordingly, the optical
switchboard, which can change channels without
converting an optical signal to an electrical signal,
has attracted strong attention, and more than 100
optical switch-related companies around the
world are conducting research and development
with the aim to put into practical use optical
switches, which are the heart of optical
switchboards.
There are 4 types of optical switches: the
"mechanical type," manufactured by Hitachi
Metals; the "planar optical waveguide type,"
manufactured by NTT; the "miller type,"
developed by Lucent; and the "bubble type,"
developed by several companies including Agilent
(see Figure 4).
The "mechanical type" changes channels by
moving an optical fiber with electromagnetic
force. The "planar optical waveguide type" is a
system in which the Peltier element and the
heater are placed on an optical waveguide, and
which changes channels by using a phenomenon
where the refractivity of the waveguide changes
according to the temperature (referred to as the
thermo-optical effect). The "miller type" has micro
miller allays on the Si substrate and changes
channels by altering each miller angle. The miller
type is divided into two systems: the "2-
dimensional type" which rotates micro millers in
the uniaxial direction, and the "3-dimesional type"
which rotates micro millers in the biaxial
direction. The "bubble type" has an oil-contained
wall on the waveguide and controls the optical
channel by producing bubbles on the waveguide.
Of the four types above, only the "miller type"
allows the number of channels to be increased.
And the MEMS switch, which integrates micro
millers using the MEMS (Micro Electro Mechanical
System) manufacturing technology that is based
on LSI manufacturing technologies, is attracting
much attention. As a switchboard using the MEMS
technology, Lucent Technologies' "Lambda Router"
has been commercialized. This switchboard has a
total of 256 input and output ports, each with a
transmission capacity of 40 Gbps. The overall
switchboard capacity is 10.24 Tbps (256 x 40
Gbps). In addition, Lucent Technologies is
developing an MEMS switchboard that has a total
of 1,296 input and output ports, each with a
transmission capacity of 1.6 Tbps. Since the
switchboard has an overall switching capacity of
2.07 Pbps*1 (1,296 x 1.6 Tbps), it is expected to
serve as an optical switchboard for backbone
communication networks, which require fast
switching speed and each transmits more than
100 wavelengths of optical signals.
(2) Photonic Packet Switching Technologies
The current mainstay communication system is
the "packet communication system," where data
are divided into certain lengths and control signals
such as the recipient's address are added to each
divided data in order to efficiently transmit any
data include multimedia data such as voice and
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images. To process packets at high speeds without
altering them, a "photonic packet switching"
technology is required.
Research and development efforts to realize the
photonic packet switching technology are being
made at the Communication Research Laboratory.
By producing a photonic router using a
technology called OCDM (optical code division
multiplexing), it is possible to increase the
throughput of an electronic switchboard by
approx. 1,000 times in theory. Optical code
division multiplexing works like this, 1) optical
signals generated by semiconductor laser are
converted into coded signals using optically
orthogonal coding method with the key code that
is assigned to each receiving end, 2) multiplexing
and transmitting them, 3) at the receiving end, the
received data are compared with patterns of the
key code that assigned the end point, 4) then
extract received data that only matching with the
key code. There are several advantages including
the following in using this communication
technology.
— Network configuration can be simplified.
— Overall network throughput is improved.
— Communication security is improved.
In order to develop an optically controlled router,
it is important to develop an optical memory
capable of temporarily storing optical signals; not
only OCDM but also conventional WDM or TDM.
For example, when two optical signals needing to
be sent in the same direction are transmitted
simultaneously, it is necessary to have either signal
wait. If the optical memory was put into practical
use, you can temporarily store one of the signals in
the optical memory, and start routing the stored
signal after the routing of the other signal is
completed. Thus, the same high level routing
control as that for existing routers can be
performed.
(3) Quantum Communication Technology
In the past few years, research and development
concerning quantum communication technology
using the particulate property of light has been
advancing mainly in the US and Europe. Quantum
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Figure 4: Types of optical switches
1
communication technology has drawn
international attention, since once it is put into
practical use cipher communication that perfectly
prevents wiretapping, and super-fast
communication that breaks the transmission limit
of existing optical communication technologies
can be achieved. To date, only theoretical research
has been conducted by a small number of private
companies, universities and national research
institutes, and it will take considerable more time
until this technology is put into practical use
(Table 2).
In Japan, a research and development program,
jointly conducted by academic, business and
governmental sectors led by the Ministry of Public
Management, Home Affairs, Posts and
Telecommunications, was started this year.
3.6 Transmission Capacity Limit
of Optical Fiber
In June 2001, a group of researchers at Bell Labs
identified through calculations that the
transmission capacity limit in currently available
wavebands is 100 Tbps per fiber when there is no
noise or interference, but it becomes approx. 2/3
of that limit when noise produced by the non-
linearity effect of the fiber is taken into account
(June 28, 2001 issue of "Nature" magazine).
Figure 5 shows how the transmission capacity per
optical fiber increased in the 1990s. Around 1991,
the lab level was approx. 10 times greater than the
product level. However, the gap has gradually
decreased since then.
Currently, the transmission capacity of a
commercialized optical communication system is
approx. 2 Tbps per optical fiber, and that of a
system under development is approx. 10 Tbps per
fiber. If the current more-than-double increase in
transmission capacity continues, it will reach its
limit in approx. 5 years.
3.7 Conclusion
Given the increase in the number of users
accessing the Internet through connection
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Table 2: Importance of topics on quantum communication technology and realization time in the 7th
Technology Foresight.
Field Topic Importance Realizationtime (year)
Information/ Develop a quantum communication system capable of
eliminating most noise produced by optical amplifiers 74.1 2017
communication (i.e., enabling shot-noise limit communication).
Commercialize a quantum phase device that can be applied
Electronics to ultra-fast calculation and security functions through 66.0 2020
quantum computing and the like.
Figure 5: Trend in transmission capacity par optical fiber
Prepared by Science and Technology Foresight Center, based on the data from Nikkei Electronics,
issue 2001.1.29, page 153, Fig.1.
Prepared by Science and Technology Foresight Center
services such as DSL, CATV and optical fibers, the
demand for increased transmission capacities of
optical communication systems will continue to
grow. Therefore, the competition between
manufacturers has been very intense, and once
any optical communication system has succeeded
in transmission testing, it is commercialized in a
very short time.
In the meantime, as indicated above, if
transmission capacity continues to increase at the
present pace, it will reach the limit in 5 years.
However, no breakthrough technology has been
found.
In parallel with research and development that
will be conducted by companies as an extension
of existing technologies, it is necessary to promote
basic research for the next steps, including
quantum communication technology, with the
cooperation of the academic, business and
governmental sectors.
Glossary
*1 Gbps,Tbps and Pbps
G (giga) represents 109,T (tera) indicates 1012
and P (peta) means 1015. And "bps" (bit per
second) is a unit that indicates transmission
capacity of digital data, 1 bps means it can
transmitt 1 bit (a signal for 0 or 1) in 1 second.
As a guide, it is said that approx. 1.5 Mbps is
required to transmit TV images compressed by
MPEG2 in real time. In a communication
system with a capacity of 1 Gbps, signals can
be transmitted TV images to approx. 660
households, and with a 1 Tbps system, signals
can be transmitted them to 6,600 households.
*2 Frequency usage
There is a method for increasing the density of
a wave to be multiplexed on a certain
waveband to increase the transmission
capacity. The greatness of the density is called
frequency usage. The greater the value is, the
narrower the interval between optical signals
or the wavelength interval becomes.
Therefore, a large number of signals can be
multiplexed on a certain waveband. The unit
of frequency usage is bit/s/Hz.
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4
Trends in Policies Related to the Governmental R&D Budgets
of Japan, the US and Europe
TOMOE KIYOSADA
Information Communications Research Unit
4.1 Introduction
The Council for Science and Technology Policy is
now examining the promotion strategies by field,
with a mind to lay emphasis on investments, as a
preparation for requesting the approximate
budget for fiscal 2002.This is the first time for the
council, which had been established in this
January as a control tower of the science and
technology policy in Japan, to provide a policy for
allocating the budget. It is being watched as to
what kind of suggestion will be made by the
council.
In this report, we introduce the policy trends
related to the allocation of the governmental R&D
budgets in Japan, the U. S. and Europe, and analyze
which fields or areas etc., the respective nations
and regions are laying emphasis on.
4.2 The trend in Japan
In April 2001, the 2nd Science and Technology
Basic Plan (from fiscal 2001 to 2005) started.This
plan intends to expend the governmental R&D
budget of ¥24 trillion (1% of the GDP) over 5
years.
This plan clearly indicates that it will attach
importance to the following 4 fields, in particular,
to which priority will be given in the allocation of
research and development resources.
— Energy
— Production technology
— Social infrastructures
— Frontier
This policy laying emphasis on the specific fields
was not clearly indicated in the 1st plan (From
1996 to 2000). Based on this plan, the Council for
Science and Technology Policy is providing a
promotion strategy specifying the following items
for the respective fields.
— Emphasized area
— Objectives of research and development in
these areas
— Basic items for the promotion of research and
development in these areas
4.3 The trend in the U. S.
4.3.1  Outlines of the R&D budget in
the Budget Message for fiscal 2002
On April 9 2001, President Bush announced the
Budget Message for fiscal 2002 (from October
2001 to September 2002), and requested its
legislation to Congress. Congress is currently in
full-scale deliberations on the budget, and the
respective appropriation bills are expected to be
approved by the end of September.
In the Budged Message, the governmental R&D
budget is set at $96.5 billion (about ¥11.9 trillion),
an increase by 6.1% from the previous year.Among
this, the budget for national defense is set at $49.4
billion (about ¥6.08 trillion), an increase by 8.0%
from the previous year, while the budget for non-
national defense items is set at $47.1 billion (about
¥5.79 trillion), an increase by 4.3% from the
previous year.
(1) The governmental R&D budgets for non-
national defense by field
Among the governmental R&D budgets, the
budgets for non-national defense by field are
shown in Figure 1, and the increasing rates from
the previous year of the respective fields are
shown in Figure 2.
The budget for the health field accounts for the
majority of the R&D budget for non-national
defense, and its increasing rate from the previous
year is also high. While the budget for the energy
field has decreased from the previous year
significantly.
(2) The governmental R&D budget by major
institute
Since information about the national defense
budget accounting for about a half of the
governmental R&D budget is not fully released
publicly, the allocation to the respective fields is
unknown.
However, the proportions of the allocated budget
to the respective fields for the entire R&D budget
have been proposed in the Budget Message as
shown in Figure 3. And the increasing rates from
the previous year by institute are shown in Figure
4. Since the respective institutes have special
missions specific to certain fields (for instance, the
NIH's mission is mainly specific to the health field,
and the DOE's mission is mainly specific to the
energy field), we can surmise the governmental
policy for laying emphasis on the respective fields
from the allocated budget of each institute.
In Figure 3, we can observe that the budget for
DOD accounts for about a half of the
governmental R&D budget for 2002, and the
budget for NIH follows next in size. In Figure 4, we
can observe that the increasing rates of the budget
for DOD and NIH are high. Accordingly, we can
surmise that the government lays emphasis on the
national defense field of the DOD's mission and
the health field of the NIH's mission.
(3) Budgets for research (fundamental
/application) and development
The governmental R&D budgets by research and
development are shown in Figure 5, and their
increasing rates from the previous year are shown
in Figure 6.
In Figure 5, we can observe that the budgets for
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Figure 1: The governmental R&D budget for non-
national defense for fiscal 2002 (by field)
Source: AAAS Analysis of R&D in the FY 2002 Budget
Figure 2: The increasing rates from the previous year
for the governmental R&D budget for non-
national defense for fiscal 2002 (by field)
Figure 3: The governmental R&D budget for fiscal 2002
(by institute)
* DOD: Department of Defense
* NASA: National Aeronautics and Space Administration
* NSF: National Science Foundation
* USDA: United States Department of Agriculture
Source: Budget of the United States Government, Fiscal Year
2002, Office of Management and Budget
Figure 4: The increasing rates from the previous year of
the governmental R&D budget for fiscal 2002
(by institute)
Source: Budget of the United States Government, Fiscal Year
2002, Office of Management and Budget
Source: AAAS Analysis of R&D in the FY 2002 Budget
fundamental research and application research are
almost the same, and the budget for fundamental
research for NIH accounts for about a half of the
budget for fundamental research in particular.And
it is obvious that the total amount of the
fundamental research budget and the application
research budget are almost the same as the budget
for development.
In Figure 6, we can observe that the budgets for
fundamental research, application research, and
development have all increased in fiscal 2002. We
should also be aware that the budget for
fundamental research for NIH has increased
significantly while the budgets for fundamental
research for other institutes have decreased
slightly.
4.3.2  The budget for interdepartmental
projects for fiscal 2002
(1) Nanoscale Science, Engineering, and
Technology Initiative
In the Budget Message for fiscal 2002, $482 million
(about ¥59.3 billion) has been appropriated for
these areas. The budget has increased by 8.1%
from the previous year. Even though it is not the
same as in fiscal 2001, when the budget increased
by double, the budget has increased continuously.
(2) Networking and Information Technology
R&D Initiative
In the Budget Message for fiscal 2002, $2 billion
(about ¥250 billion) has been appropriated for
these areas.The budget will increase by 2.1% from
the previous year. (The budget for this initiative for
fiscal 2001 has not been finalized yet.).The budget
for fiscal 2001 is expected to increase by 30%
from the previous year, but its pace of increase is
expected to slow down in fiscal 2002.
As for the circumstances, Mr. Frani, head of the
National Coordination Office for Information
Technology R&D pointed out, "The Bush
Administration is aware of the importance of
research and development in the IT field, the same
as with the former Clinton Administration, but the
members of the Republican Party including
President Bush tend to support industry led R&D
rather than R&D led by the government. For R&D
in this field, in particular, the Administration
intends to entrust the majority of the R&D
activities to the industry holding the initiative."
(3) U. S. Global Change Research Program
In the Budget Message for fiscal 2002, $1.6 billion
(about ¥200 billion) has been appropriated for
this program. The budget has decreased by 4.4%
from the previous year. The reason is because of
the fact that the budget for the Earth Science
Program of NASA, which holds the biggest share in
this program, had been reduced significantly.
4.3.3  Approval of the Budget Bill for fiscal 2002
The contents of the Budget Message will be
revised through deliberations in Congress. Mr.
Kerr, senior technology policy analyst of the SRI
International Science and Technology Policy
Program pointed out, "In the Budget Message, the
budget for NIH increased significantly in
comparison with other institutes, and, as such, it
may be reduced in the deliberations in Congress."
However, he also add, "The possibility that
Congress will significantly reduce the budget for
NIH is small, since investment in the medical field
can gain national support easily and President
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Figure 5: The governmental R&D budget for fiscal 2002
(Research/Development)
Source: Budget of the United States Government, Fiscal Year
2002, Office of Management and Budget
Figure 6: The increasing rates from the previous year of
the governmental R&D budget for fiscal 2002
(Research/ Development)
Source: AAAS Analysis of R&D in the FY 2002 Budget
Bush had publicly committed to lay emphasis on
NIH during the election campaign."
In the meanwhile, DOD having the biggest R&D
budget will review the priorities of its major
projects by the end of May. Mr. Jonnes, former
head of Defense Research and Engineering,
pointed out, "It is highly expected that the budget
requested by DOD will be revised as a result of
this review."
On the other hand, in the 26th Annual AAAS
Colloquium held in Washington DC on May 3 and
4, 2001, a participant pointed out, "President Bush
strongly intends to suppress any increase of the
discretionary disbursement up to 4% from the
previous year, which the President indicated in the
Budget Message, and instructed the respective
departments to reject requests raised by Congress
for increasing budgets." Since most of the
governmental R&D budgets are included in the
discretionary disbursement, the possibility to
drastically increase the budget for any institute is
small.
4.4 The trend in the EU
4.4.1  The trend in the policy of the European
Commission
In January 2001, the "European Research Area
Initiative" was proposed as a basic concept for
R&D activities supported by the European
Commission.
The 6th Framework Program, which will be an
effective measure for materializing this concept,
will start in 2002, and preparation of this program
is currently progressing led mainly by the
European Commission.
In this section, we first explain about the
European Research Area Initiative, and then the
characteristics and the policy trend of the 6th
Program.
4.4.2  European Research Area Initiative
(1) Outlines of the concept
The European Research Area Initiative is a policy
concept for constructing and operating the
common markets of research activities, deepening
exchanges among researchers in the respective
countries, and vitalizing R&D activities over the
borders, so that products and services will be
handled within the common economic area in
Europe.
This is backed by a critical thought that there are
many COEs (Center of Excellence) in Europe, but
their cooperation with each other is lacking and
the environment where countries in Europe can
evolve R&D activities as one body is insufficient.
(2) Activities related to the initiative
Activities related to the European Research Area
Initiative are listed in Table 1.
4.4.3  The 6th Framework Program
(1) Outlines of the program
The Framework Program is a 5-year program
mainly for the European Commission to support
joint researches conducted by researchers of the
member countries. Its 6th Program will start from
fiscal 2002.
The budget for the 6th Program is set at 17.5
billion Euro (about ¥1.89 trillion), an increase by
17% from the 5th Program. Of the budget, 60% will
be allocated to the priority fields (the following 7
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Table 1: Activities related to the European Research Area Initiative
January 2000 Mr. Busquin, minister of the Research and Development of European Commission proposed
the European Research Area Initiative.
March 2000 The leaders and governmental representatives of member countries promised to support the
initiative as "an important concept for constructing a society with an intellectual foundation
and strengthening the competences of European companies" in The European Summit
Conference in Lisbon.
From March 2000 The European Commission provided the Excellence Map.
to December 2001 (The European Summit Conference in Lisbon requested the provision of an Excellence
map, so that anyone can view the Excellences of Europe.)
March 2001 The leaders and governmental representatives of member countries reconfirmed the
importance of the initiative in the European Summit Conference in Stockholm.
fields). The proportions of allocation for the
respective fields are shown in Figure 7.
1) Genome and Biotechnology (2 million Euro)
2) Information society technology (3.6 billion
Euro)
3) Nanotechnology/Intelligent materials/New
manufacturing technology (1.3 billion Euro)
4) Aeronautics and Space (1 billion Euro)
5) Risk control for foods and changes in
environments (600 million Euro)
6) Continuous development and climate changes
(1.7 billion Euro)
7) Citizens and governance of the European
intellectual society (230 million Euro)
Among the above-mentioned fields, the Genome
and Biotechnology field, and the Information
technology field have higher priorities over the
others, in particular. As characteristics of the 6th
Program in comparison with the 5th Program, the
Aeronautics and Space field is newly included in
the priority fields' list, while the Energy field and
the Transportation field have been taken out.
The fact that "Citizens and governance of the
European intellectual society" has been included
as one of the priority fields, is backed by an idea
spreading over Europe that "science and society
have to come into contact."
(2) Execution of the Program
The schedule for executing the 6th Program is
shown in Table 2.
The selection of individual programs to be
executed under the 6th Program must be approved
by the European Council and the European
Parliament, and it will take some time since
coordinating the processes between these two are
complicated.Thus, the European Commission will
expand the size of the individual programs in the
6th Program, as compared to the 5th Program, to
improve the efficiency of program selection by
reducing the overall number of programs.
4.5 Conclusion
The U. S. lays particular emphasis on the fields of
health and national defense, while the EU lays
particular emphasis on the fields of
Genome/Nanotechnology and Information
technology. On the other hand, importance of the
fields of energy and agriculture in the U. S., and
the fields of energy and transportation in the EU
are relatively decreasing.
Based on these trends overseas, the Council for
Science and Technology Policy is requested to
plan strategies for materializing effective and
efficient resource allocation.
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Table 2: Schedule for executing the 6th Program
February 2001 Submission of the original draft of the program
March 2001 The program's promotional strategy is submitted to the European Summit Conference in
Stockholm.
August to After deliberations in the first reading of the European Parliament, the Parliament's
September 2001 comments are submitted.
Autumn of 2001 After deliberations in the Research Ministers Council, the Council's comments are submitted.
Middle of 2002 The 6th Program starts.
Figure 7: Budgets by f ields of the 6th Framework
Program
(Original Japanese version: published in May 2001)
The figures in this chart correspond to the number of the above-
mentioned fields.
Source: Budget breakdown for the Research Framework
Programme (2002 - 2006) as proposed by the
European Commission, European Commission,
22.02.01
31
Q U A R T E R L Y  R E V I E W  N o . 2  /  O c t o b e r  2 0 0 2
5
The Trend of the Science and Technology Policy in the US
TOMOE KIYOSADA
Information and Communications Research Unit
5.1 Introduction
The Bush Administration inaugurated in this
January is now groping for new science and
technology policies.
The science and technology policy of the US has a
great influence on the world due to its vast budget
amount. For instance, the governmental budget for
science and technology in this fiscal year in Japan
is about ¥3.4 trillion, while the same in the US is
$90.9 billion (about ¥11 trillion), which is three
times larger than the Japanese budget.
In the May issue of "Science and Technology
Trends" (Japanese version, "The trends of the
science and technology budgets in Japan, the US
and Europe"), we outlined the trends of budget
allocation in the US and the EU, by taking the
opportunity when the Council for Science and
Technology Policy studied the priority policy of
the science and technology budget for fiscal 2002
into consideration.
In this report, we introduce the trend of the
science and technology policy in the US more
specifically.
In this May, an energy policy was announced in
the U.S. that represented a significant turnabout.
The announced "National Energy Policy" (NEP)
may significantly influence the R&D policy in the
energy field in the US.
Based on this circumstance, in this report, we first
explain in general about "the general view of the
science and technology policy," and then discuss
"the view of the R&D policy in the energy field" in
particular. In addition, we focus on the IT policy
(the former Clinton Administration attached
importance to this policy, but the Bush
Administration did not announce any specific
directions for this policy as of yet.), which is in
contrast to the energy policy, and discuss mainly
the future directions of the R&D policy.
5.2 The general view of
the science and technology
policy
5.2.1  Points of difference from the former
Administration
We can observe points of difference between the
Bush Administration and the former Clinton
Administration as follows.
— The position of OSTP (Office of Science and
Technology Policy)
— The governmental budget for science and
technology
— Expectation for R&D activities of private
companies
We summarize the policies of the Bush
Administration on the respective points as follows.
(1) The position of OSTP
The former Clinton Administration had promoted
a consistent science and technology policy by
holding the slogan "Development of science and
technology is the engine of economic growth."
On the other hand, the Bush Administration has
not yet assigned a person as secretary of OSTP,
even though half a year has elapsed from the
inauguration of the Administration.
For such difference, many participants of the 26th
AAAS (American Association for the Advancement
of Science) colloquium held in Washington D. C. in
May 2001 indicated the opinion, "The Bush
Administration may intend to revise the existing
centralized policy executed by OSTP, and
transfer author it ies to the respective
departments."
(2) The governmental budget for science and
technology
In the President's Budget Message for fiscal
2002 announced on April 9, 2001, the entire
budget for science and technology increased by
6.1% from the previous year.
In particular, DOD (Department of Defense) and
NIH (National Institutes of Health), for which
President Bush had publicly pledged to "support
actively" during the Presidential election,
requested budgets exceeding more than 10% of
the previous year's amounts.
As a result of this increase, the requested amount
of budgets for other institutes including DOE
(Department of Energy), NSF (The National
Science Foundation) and USDA (US
Department of Agriculture), etc., was reduced by
5 to 10%.
On the other hand, the budgets of DOE, NSF and
USDA had increased by about 10% from the
previous year in the budget for fiscal 2001 (under
the former Clinton Administration).The deference
between these two Administrations is obvious.
Mr. Rankin, deputy secretary general of the
American Mathematical Society, pointed out, "I
have no objection to the increase of the budget
for NIH, but it is important to increase the R&D
budgets for mathematics, physics and engineering,
etc., with well balance as well in consideration of
technological innovations in the future."
(3) Expectation for R&D activities of private
companies
The Bush Administration intends to utilize the
capabilities of private companies for research and
development, in the same way as the former
Clinton Administration.
On this point, Mr. Peterson, representative of the
science and technology policy program of SRI
International, said, "In contrast with the former
Clinton Administration aiming to lighten the
burden of the government by making the industry
bear a part of R&D costs, the Bush Administration
promotes this policy further and takes a stance
that private companies should execute all the
R&D they can do, and the government will
specialize in fundamental research activities that
are difficult to execute by private companies."
Mr.Alexander, vice president of Washington Core, a
think tank in the US, forecasts, "the policy of the
Bush Administration aiming towards a smaller
government is in accordance with the tradition of
the conservatives of the Republican Party, and this
policy may not be revised for the time being."
Thus, the science and technology policy of the
Bush Administration seems to have changed from
the previous Administration. Some persons such as
Mr. Koizumi, section chief of the budget/policy
program of AAAS said, "The Bush Administration
sufficiently recognizes the importance of science
and technology, but it is now fully occupied with
materializing the commitments made in the
Presidential election concerning, "reduction of
taxes, attaching importance to education,
strengthening of the national defense, and
expansion of supports to NIH", with other policies
just left over."
5.2.2  Noticeable movements related to
interdisciplinary R&D
In the middle-to-long-term science and technology
policy of the US, the word "interdisciplinary" may
be a keyword.
(1) Forecasts of NIC (National Intelligence
Council)
In December 2000, NIC publicly announced
"Global Trends 2015," which forecasted the
changes in global politics, economy, science and
technology, conflicts, and environments, etc., to
take place until 2015.
For changes of science and technology, this report
forecasts, "IT will be a motivating power for
technological innovations globally." However, it
does not mention how IT will drive technological
innovations, and what kinds of inf luences to
society are expected.
(2) Investigations executed by RAND Corp.
In order to execute further investigation on the
expected changes of science and technology, NIC
has requested RAND Corp., a prominent think
tank in the US, to conduct the relevant
investigation.
RAND released a report, "The Global Technology
Revolution: Bio/Nano/Materials Trends and Their
Synergies with Information Technology by 2015,"
in March 2001.
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This report consistently advocates the importance
of interdisciplinary R&D and analyzes that
"technological innovation will be driven by
synergy effects produced by interactions among
biotechnology, materials technology and
nanotechnology in the future." And it is essential
to properly combine IT, which is a fundamental
technology.
Some examples of these synergy effects are shown
in Table 1.
The report only indicates the synergy influences
(for covering globally, a specific region, etc.)
produced by interactions of the respective
technological innovations listed on the axes of
ordinates and abscissas, but does not mention
about the details of these synergy effects. For
instance, in this table, we can see that an
interaction of "the genetically modified foods
technology" in "the biotechnology field" on the
ordinates axis and "the artificial heart organizing
technology" in "the materials technology field" on
the abscissas axis will bring a synergy effect that
"will contribute to the promotion of health
globally." However, it is not mentioned how this
synergy effect will be produced and how it will
contribute to the promotion of health, etc.
(3) Activities of DARPA (Defense Advanced
Research Projects Agency)
DARPA is under DOD (Department of Defense)
and is in charge of research and development of
advanced technologies in the national defense
field. DARPA started the "Bio:Info:Micro Program"
in October 2000.
Mr. Fernandez, who was the director of DARPA
under the former Clinton Administration,
advocates the importance of interdisciplinary
R&D. He forecasts, "DARPA will mainly execute
R&D activities that combine biotechnology, IT and
micro system technology in the future."
"The Bio:Info:Micro Program promotes the
establishment of the following new areas and will
inf luence R&D activities in areas other than
national defense" said Mr. Eisenstat, a person in
charge of the program.
(New areas to be establish)
— Artificial system engineering covering from
nano units to global-sized units
— Computer simulations of the genesis of
creatures (Algorithms and development
/practical use of models)
— Synthesizing production engineering of
materials and chemicals modeling organic
functions
— Computer neuroscience considering
interactions of humans and systems
— Platforms modeling biological processes
— Modeling and simulation of complicated
activities of creatures
— Platform of minute units required for cell
analysis
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Table 2: Descriptions related to R&D activities in the NEP
Purposes Proposals related to R&D activities
An increase Lifting of the embargo — To promote the R&D for the most advanced drilling  technology, minimizing loads 
of energy on drilling oil and on the environment
productions natural gas in ANWR — To invest $1.2 billion gained through the bid of leases in ANWR toward R&D of 
substitute/reproducible energies (wind energy, solar, biomass and geothermal)
Promotion of low — To invest $2 billion for research on clean coal technology over 10 years
pollution coal power
generation
Promotion of atomic — To review the investment on international  cooperative R&D related to the reuse of
power generation spent nuclear fuel
Reproducible Development — To integrate the R&D activities of hydrogen batteries, fuel cells, and dispersed-type 
energy substitutes for batteries
vehicle fuels — To increase investments for developing next generation energy sources
(hydrogen, etc.)
Improvement Improvement of — To promote R&D related to transportation reliability and superconductive power 
of energy transportation transmissions
efficiency efficiency
Source: http://www.whitehouse.gov/energy
In this section, we review in general the entire
science and technology policy in the US In the
next section, we review the R&D policies in the
fields of energy and IT in particular.
5.3 The R&D policy in
the energy field
The energy policy is one of the policies in which
lines have been drastically switched from the
former Clinton Administration to the Bush
Administration.
More than 1 month has elapsed from the
announcement of the National Energy Policy
(NEP) by the Bush Administration, and it is being
reported by the media and analyzed by think
tanks. Discussion points concentrate on foresights
of energy projects, protection of the environment,
regulation issues, etc., with few reports discussing
the inf luences of the energy field on R&D
activities.
Thus, we analyze the influences of the NEP on the
R&D activities in the energy field in this section.
5.3.1  Shift of energy policy
NEPDG (the National Energy Policy Development
Group) represented by Vice President Cheney at
the command of President Bush, has provided
the NEP and President Bush announced it in his
speech at St. Paul (Minnesota state) on May 17.
The NEP switches the ordinary energy policy. In
the NEP, a policy to expand energy supply is
launched, and promotion of atomic power
generation and lifting of the embargo on drilling
oil and natural gas in the Arctic National Wildlife
Refuge (ANWR) are advocated. It has created a stir
in various segments of society.
5.3.2  The NEP's influence on the DOE's R&D
program
The NEP instructed Mr. Abraham, secretary of
energy, to "investigate the investment conditions
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Table 3: Budgets for R&D programs of the DOE
(Unit: $ million)
Area/(Major programs) Fiscal 2001 Fiscal 2002 Increasing(Clinton) (Bush) rate
Atomic energy 81 57 – 29
(Nuclear energy research concept) 34.8 18.1 – 48
(Nuclear energy equipment optimization) 5 4.5 – 10
Low-level liquid radioactive waste
treatment facility 390 445 14
Fossil energy 392 296 – 25
(Clean coal technology) 0 150 —
(Carbon capture) 18.8 20.7 10
(Ultra– low pollution fuel) 23.4 7 – 70
Reproducible energy 328 227 – 31
(Biomass/Biofuel) 86.3 80.5 – 7
(Hydrogen) 26.9 13.9 – 48
(Geothermal) 26.9 13.9 – 48
(Wind energy) 92.7 42.9 – 54
Improvement of energy efficiency 39.6 20.5 – 48
(Industrial use) 149 88 – 41
(Use for transportation) 255 239 – 6
Nuclear security 6,641 6,777 2
(Storing) 246 305 24
(Cyber security) 28.8 58 101
(Non– proliferation action) 204 195 – 5
Total 7,700 7,400 – 4.5
Source: Budget of the United States Government, Fiscal Year 2002, Office of Management
and Budget
of each R&D program currently executed by
DOE, and how much the programs that have
been executed or are being executed contribute
to the improvement of energy efficiency, and
then to report to the President."
Based on this report, DOE will again set up the
R&D programs in accordance with NEP's policy,
and execute it from fiscal 2003.
5.3.3  The R&D budget of DOE in the draft
Message of fiscal 2002
In Table 3, we compare the budgets of fiscal 2001
and the draft Message of fiscal 2002 for major
R&D programs.
In the draft Message of Management and Budget of
fiscal 2002, the R&D budget for the DOE has
been reduced by 4.5% from the previous year.
The R&D budget related to the low-level liquid
radioactive waste treatment facility has been
increased due to the transition from the research
phase to the development phase, and,
furthermore, technology development related to
designing and modeling, and preparation for
constructing storage facilities will be promoted
actively in the future.
As a theme related to the NEP, the clean coal
technology project has been established.
On the other hand, all of the project budgets for
reproducible energy and improvement of energy
efficiency has been reduced.
5.3.4  Trends of deliberations in Congress
In early June, there was a big change that would
inf luence later deliberations in Congress. The
change was the appointment of Senator
Bingaman of the Democratic Party to chairman
of the Energy & National Resource Committee
of the Senate.
The background to this change was the secession
of Senator Jeffords from the Republican Party.
Before that, the number of seats held by the
Democratic Party and the Republican Party in the
Senate were equal.As a result of this secession, the
Democratic Party has been holding the majority
and the post of chairman of the standing
committees has been shifted from Republicans to
Democratics.
Senator Bingaman is the drafter of the energy
budget bill for the Democratic Party. For the R&D
budgets of the DOE, the different points between
the budget bill of the Democratic Party and the
draft Message are as follows:
— Strengthening R&D investment
— Establishment of the spent nuclear research
bureau (Taking charge of R&D related to the
processing technologies of high-level
radioactive waste and spent nuclear fuel)
Another foundation of the energy policy of the
Democratic Party is the "Comprehensive and
Balanced Energy Policy Act of 2001." This act puts
emphasis on protection of the environment, and
attaches importance to the effective use of
energy rather than the increase of energy
productions.
It is said that the Republican Party members
advocating protection of the environment are
holding key deliberations in Congress. One of
reasons why Senator Jeffords left the Republican
Party is that he could not agree to the lifting of the
embargo on drilling oil and natural gas in the
Arctic National Wildlife Refuge.
In the same way, "It is highly expected that other
members of the Republican Party will indicate
their objection to lifting the embargo on drilling
oil and natural gas in the Arctic National Wildlife
Refuge" said Senator Chafee of the Republican
Party, taking the position of environment
protection in Washington Post article.
5.3.5  Reactions of the related bodies
Since many related bodies may influence the U.S.
Congress, we review opinions of the related
bodies in this section.
(The energy industry)
蘆Mr. Parker, representative of American Gas
Association
"I would like to praise the fact that the NEP
authorized and guaranteed to construct new gas
transmission pipelines totaling 38,000 miles by
2015. Now, energy policies and infrastructures
based on changes of lifestyles are required."
蘆American Petroleum Institute
"The NEP's line to increase energy productions is
indispensable for future economic development in
the US"
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蘆National Petrochemical & Refiners
Association
"The NEP advocates the increase of energy
productions and the protection of the
environment. This is a well-balanced policy. I
appreciate, in particular, that the NEP mentioned
about the evils of the current restrictions on
expansion of refinery facilities."
(The environment protecting bodies)
蘆Mr. Hawkins, representative of Climate Center
of the Natural Resources Defense Council
"The NEP said that they would invest $2 billion
into the research of clean coal technology over 10
years. This is just favorable treatment to the coal
mining industry. For reducing emissions of carbon
dioxide, it is more effective to strengthen
environmental restrictions, instead of investing
taxes. Lifting of the embargo on drilling oil and
natural gas in Alaska, which is advocated in the
NEP, is scarcely effective in solving the energy
issue the US is currently facing, but will bring
benefits to the existing pipeline operators in
Alaska."
蘆Mr. Crap, representative of the National
Environmental Trust
"The NEP did not indicate any short-term solution
to the energy issue. Constructing new nuclear
plants and lifting of the embargo on drilling oil
and natural gas in the Alaska Natural Protection
Area will not contribute to the increase of energy
productions for at least 5 years."
(Research institutes)
蘆Mr. Lake, chairman of the American Nuclear
Society
"I would like to praise the Bush Administration in
recognizing the importance of nuclear energy and
for promoting the construction of new plants. I
hope that Congress will also promote the Bush
Administration's energy policy."
蘆Mr. Corbin, head of the Nuclear Energy
Institute
"It will be a bright future for nuclear research
activity since the NEP mentioned nuclear energy
as an indispensable future energy source for the
US Increases of investments and excellent
students in this field are highly expected."
蘆Dr. Robert Aymar, head of the International
Thermal Fusion Experimental Nuclear Reactor
(ITER)
(At the press conference in the International
Symposium for Electro Machining (ISEM))
"The former Clinton Administration showed a
weak attitude toward Congress, but I hope the
Bush Administration will strongly promote its
energy policy."
(Think tanks)
蘆Mr. Peterson, representative of SRI
International
"As far as looking at the draft Message and the NEP,
I observed that the Bush Administration does not
attach much importance to R&D activities of the
DOE.This trend will not change."
蘆Mr. Taylor, chief editor in charge of the Natural
Resource Policy of Cato Institute
"The 105 proposals presented by the NEP indicate
only the direction of the policy, but there is no
possibility of materialization."
蘆Mr. Ebel, energy program director of the
Center for Strategic and International Studies
"The NEP has little immediate effect and is
insufficient in solving people's urgent concerns
about the rising cost of petrol, the electricity
crisis, etc.
(The state government)
蘆Mr. Davis, governor of the State of California
"In California, electricity demand will increase
during the summer and we are concerned about
the spread of the energy crisis. The NEP mainly
contains middle-to-long-term policies and has no
immediate effect.The Bush Administration may be
using the energy crisis of our state as a pretext to
advocate the increase of energy productions."
5.4 The R&D policy in the IT field
The area, in which the former Clinton
Administration attached importance to but the
Bush Administration has yet to indicate any clear
policy on, is the IT field. In this section, we review
the Bush Administration's R&D policy in the IT
field.
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5.4.1  The R&D budget in the IT field for fiscal
2002
In the President's Budget Message for fiscal
2002, the budget for the cross-departments IT
program (networking/IT R&D plan) did not
increase drastically from the previous year
(increased by 2.1%) and the contents have no
significant changes.
The persons concerned with the governmental
R&D program in the IT field commented about
the Bush Administration's policy as follows.
蘆Mr. Abdali, chief of the Computer/
Communications Research Section of NSF
"IT research and development is an important
issue holding sway over the industrial future of a
nation, and President Bush is well aware of this.
The Republican Party also hopes that the Bush
Administration will continue to promote the
former Clinton Administration's R&D policy in the
IT field. Even if the Bush Administration proposes
a plan to drastically reduce the R&D budget in the
IT field, Congress should not approve it."
蘆Mr. Frani, head of the National Coordination
Office for Information Technology R&D
"The Bush Administration is aware of the
importance of research and development in the IT
field, similar to the former Clinton Administration,
and hopes that the activity will be led by the
industry. (The May issue of "Science and
Technology Trends"(Japanese version))
From these comments, we can observe from the
current situation that the Bush Administration is
now fully occupied with materializing the
commitments made during the Presidential
election campaign and the R&D policy in the IT
field is just a left over, as pointed out by Mr.
Koizumi, section chief of the budget/policy
program of AAAS, which was mentioned in the
above 5.2.2 (3).
5.4.2  Industry-university cooperation in the IT
field
The Clinton Administration had increased
investments for fundamental research activities.
Mr. Blumenthal, senior administrator of the
Computer Science & Electronics Communications
Committee of NRC (National Research Council)
praises this as a way to attach importance to
fundamental research activities and said, "Since
private companies mainly develop products that
will bring benefits in the short term, it is difficult
for them to deploy fundamental research activities
or make infrastructure preparations. It is
important that fundamental research activities and
infrastructure preparations be executed with the
leadership of the government."
On the other hand, many researchers in
universities conducting fundamental research
attach importance to cooperation with private
companies.
蘆Mr. Gillet, senior administrator of the MIT
Technology, Policy and Industry Center
"In the IT field, the number of researchers relying
on private companies for their research costs is
increasing."
蘆Prof. Ottinger, representative of the
Information Resource Policy Program of
Harvard University
"I previously received funds for our research
activities from the government. During the past
few years, I have relied on private companies only,
since the research costs supplied by the
government vary with the fiscal year and it is
difficult to make middle-to-long-term research
plans."
Both of them have been requested to provide
advice on the government's IT policy on several
occasions. And Prof. Ottinger, in particular,
successively held posts as a governmental
committee member.
We now introduce a comment indicating doubt on
these ideas by the researchers in universities.
蘆Mr. Coward. senior technology and policy
analyst of the SRI International Science and
Technology Policy Program
"Since there were many private companies related
to the IT industry, of which business results had
upward tendencies up to last year, they actively
invested in university research costs. However,
business results of many companies have
deteriorated recently, due to the economic
recession. There is anxiety that investments from
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private companies for university research
activities will generally fall in the future."
5.4.3  PITAC recommendation
The PITAC recommendation is a factor having
significant influence on the R&D policy in the IT
field.
PITAC is an organization composed of 23 top-level
experts gathered from industries and universities,
and provides advices to the President on the R&D
policy in the IT field.
One recent typical recommendation of PITAC is
"The IT for the 21st century" issued in 1999. This
recommendation warned that governmental
R&D activities in the IT field was excessively
inclined toward applications, and recommended
sufficient support for fundamental researches
indispensable for developing the next generation
technologies and security of the nation to the
Clinton Administration at that time.
In this year, PITAC wil l  announce new
recommendations related to the R&D policy in
the IT field for the future, and appraise the policy
of the 1999 recommendation. These PITAC's
activities are worthy of notice.
5.5 Conclusion
In conclusion, directions of the Bush
Administration's science and technology policy
are gradually becoming obvious.
The following can be cited as points worth
noticing in the future.
— What kind of person will be assigned to take
the post of presidential aide for science and
technology?
— Trends of deliberations in Congress with
regard to the governmental R&D budget for
fiscal 2002
— Results of the review of the R&D program
made by the DOE in accordance with the
NEP
— New recommendations of PITAC related to
R&D in the IT field
(Original Japanese version: published in June 2001)
6.1 Introduction
In California State, a large-scale technology
innovation initiative (hereinafter referred as the
"CISI Initiative") is being executed jointly by
members in the sectors of industry,
administration and academy.
The purpose of this Initiative is to construct the
foundation for technological innovations looking
ahead to the next 20 to 30 years, in order to
maintain California State's position as a high
tech area with the world most advanced
technologies in the 21st century. This program is
scheduled to last 4 years from 2001 to 2004, and
its budget is expected to reach $1.2 billion or
more in total.
California State has succeeded in technological
innovations including IT and biotechnology, etc.,
for the past 30 years and has successively given
various new technologies to the world. It is worth
noticing that California State, with these
potentialities, has started a large-scale technology
innovation initiative.
In this report, we introduce the outlines of this
Initiative, mainly focusing on the outlines and
research costs of CISI (California Institute for
Science and Innovation), the core of the CISI
Initiative.
6.2 The origin of
the CISI Initiative
The first person who proposed establishing the
CISI Initiative is Mr. Davis, Governor of California
State.
Recently, the number of companies that have
transferred from California State to other states is
increasing. This is backed by the sudden rise in
wages and rents in California over the past several
years, due to the booms mainly in the Internet
businesses, and the electric crisis in California
since last year.
Under these circumstances, Governor Davis felt
anxious about the deterioration of the research
and development capability of California, and
decided to promote the CISI Initiative.
6.3 Core institutes of 
the CISI Initiative
"California Institute for Science and Innovation
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Trends in the California State Technology Innovation Initiative
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Table 1: Member institutes of CISI
Institute School of UC in charge
QB3 — San Francisco School (Leader)
California Institute for Science and — Berkeley School
Innovation in Bioengineering, — Santa Cruz School
Biotechnology and Quantitative
Biomedicine
CAL (IT)2 — San Diego School (Leader)
California Institute of Communications — Irvine School
and Information Technology
CNSI — Los Angeles School (Leader)
California Nanosystems Institute — Santa Barbara School
CITRIS — Berkeley School (Leader)
Center for Information Technology — Davis School
Research in the Interest of Society — Santa Cruz School
— Merced School
(CISI)" established in University of California
(UC) takes the leading role in the CISI Initiative.
CISI is composed of 4 institutes as shown in Table
1. These institutes had jointly been established
with the respective schools of UC. In the research
and development activities of CISI, other schools
of UC, national laboratories in California State and
private companies, etc., participate.
6.4 Interdisciplinary researches
of CISI
The core research of QB3 is in bio, CAL (IT)2 in IT,
CNSI in nanotechnology, and CITRIS in IT within
society, respectively. CISI proceeds with
interdisciplinary researches by fusing these
research areas.
(1) QB3
The objective of QB3 is to analyze somatological
functions on various levels ranging from an atom,
protein to a cell, the skin, an organ and the entire
somatological system, and to resolve the
complicated somatological mechanisms.
For this purpose, this group proceeds with
researches by fusing mathematics, physic,
chemistry, and engineering, etc., together on the
basis of biomedicine.
(2) CAL (IT)2
With the broadband network age of large-capacity,
high-speed communications just ahead, CAL (IT)2
repeats the discussion concerning "30 years
hence, what kinds of Internet environments will
be available and what kinds of services will be
required?," etc., among experts of various fields
including electric/electronics engineering,
software engineering, communications
engineering, cognitive science and sociology, etc.,
to proceed in researches on device technologies
and applications, which seem likely to be required
in future. The major themes currently being
executed are as shown in Table 2.
(3) CNSI
CNSI proceeds with various research and
development activities on the nanoscale with
experts from various fields including material
science, optoelectronics, biomimetics, and
molecular biology, etc.
Concrete research themes of CNSI are as shown in
Table 3.
(4) CITRIS
CITRIS forecasts, "IT will be newly developed in
the fields of applications to societies instead of in
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Table 2: Major themes of CAL (IT)2
Theme Description
Smart Roads To construct a system that solves traffic jams by measuring traffic with sensors installed 
on roads. To construct a traffic system materializing “No traffic accident /No traffic jam” 
by having vehicles communicate with each other.
Large-scale analysis To develop software for executing large-scale calculations such as gene analysis, etc., 
using PCs at ordinary by connecting several million PCs at ordinary homes.
homes
Environment/Civil To develop various high-performance sensors with mobile functions in order to improve 
engineering monitoring accuracies of pollution forecasts and earthquake observations.
Table 3: Major themes of CNSI
Theme Description
Nano construction Construction analysis and designs on an atomic level, etc.
Nano image Research and development of image processing and image analyzing technologies on
an atomic level, etc.
Simulation Numerical analysis related to physical properties of materials and crystalline growths on
an atomic level, etc.
Molecular medical Researches related to mutations of pathogenic genes by using nano systems, etc.
treatment
Nano device Development of architectures and devices with molecular electronics, etc.
its own field in the future", and proceeds with
researches on SISs (Societal-scale Information
Systems).
SISs are systems integrating various devices
including small-sized sensors, actuators, mobile
information terminals, workstations, and a group
of supercomputers occupying an entire room,
etc., in accordance with social needs. Researches
are being executed according to the individual
themes shown in Table 4.
6.5 Research costs of
the CISI Initiative
The California State Government will invest $100
million (about ¥12.5 billion) for 4 years to QB3,
CAL (IT)2, CNSI, and CITRIS.
Since the state government imposes duties on the
respective institutes to procure research costs
more than double of the state government's
donation from external organizations (private
companies, federal government, etc.), the budget
for the Initiative are expected to be more than
$1.2 billion (about ¥150 billion) for 4 years.
6.6 Influences of
the CISI Initiative on
research activities in UC
Since research costs are regularly disbursed to UC
from the state government, as a university
established by the state government, there is the
question, "Whether the disbursement to the CISI
Initiative from the state government will be
treated as a kind of new expenditure separate
from the ordinary disbursement, or it is the same
expenditure as usual with just another item
added?" In this section, we analyze the influences
of the CISI Initiative on the research activities in
UC.
The state government will disburse a fixed
amount to the respective institutes of the
Initiative. In other words, the state government
will disburse $25 million (about ¥3.1 billion)
annually for 4 years from 2001 to 2004 to the
respective institutes of QB3, CAL (IT)2, and CNSI,
which have been established from the beginning,
and $33 million (about ¥41 billion) annually for 3
years from fiscal 2002 to 2004 to CITRIS, which
was established later.
The total amount that had been disbursed from
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Fiscal Fiscal Fiscal Fiscal
2001 2002 2003 2004 Total
QB3 25 25 25 25 100
CAL
(IT)2 25 25 25 25 100
CNSI 25 25 25 25 100
CITRIS 33 33 33 100
Table 4: Major themes of SISs
Theme Description
Improvement of energy To control the use of energies by connecting together inexpensive, small-sized sensors
efficiency through networks.
Traffics To calculate optimum routes by installing sensors on roads in California State, and
connecting them through networks to analyze traffic at each site.
Prevention of disasters To construct information systems in which conditions of buildings, bridges and lifeline 
(Measures against networks, etc., are monitored on a real time basis, and systems informing of the safety 
earthquakes) of individual citizens to provide assistance each minute.
Education To provide distance learning programs to schools and companies in California State.
For the time being, lessons on info-communications for students of UC Merced will be
provided.
Healthcare To develop sensors to detect abnormal physical conditions of patients and to inform 
doctors of it. To develop devices for monitoring health conditions of residents or solders 
in remote areas.
Environment To develop a system for measuring environmental conditions in a area from Monterey
Bay of California State to the urban area of South California as the first step.
Then, to develop smart farming to improve the quality of crops in accordance with the
environments.
Table 5: Research costs to be disbursed from the state
government to CISI
(Unit: $ million)
the state government to CISI in fiscal 2001 was
$75 million, and another $33 million will be added
to this in fiscal 2002.
On the other hand, the secular change of the
research costs of UC is as shown in Table 6.We can
observer that the cost for fiscal 2001 increased by
$88 million from the previous year, and the cost
for fiscal 2002 will increase by $17 million.
From the above-mentioned points, we can observe
a correlation between the disbursement from the
state government to CISI, and the increase of
research cost of UC.
We can see that the Initiative is a newly started
activity, instead of an activity in which the name
has been changed from an ordinary research
project in UC. Furthermore, we can observe that
the budget for the CISI Initiative accounts for
slightly less than 20% of the research cost of UC.
6.7 Cooperation amongmembers
from the sectors of industry, 
administration and academy
in the CISI Initiative
Under the strong leadership of Governor Davis,
the CISI Initiative is promoted with the
participation of the respective schools of UC,
national laboratories (Los Alamos National
Laboratory, Laurence Livermore National
Laboratory and Laurence Berkeley National
Laboratory) and more than 200 private companies
within and outside of California State (as shown in
Table 7).
The Initiative expects the following cooperation
from the private companies.
— Donations
— Shortening the lead time for materializing
commercial products as fruits of the research
activities
(Providing ideas and measures, etc., for
producing commercial products)
— Human resource development (Teaching
business concepts to students)
— Accepting students for internships
6.8 Conclusion
The CISI Initiative is a trial of California State in
order for the state to continue as the world's most
advanced, high-tech region in the 21st century.
In the Initiative, new technological seeds are
pursued, and the industry and academy cooperate
closely to proceed with researches by taking into
consideration industrial needs.
In consideration of the fact that the state
government and UC are fully cooperating in this
large-scale Initiative, it is highly expected that new
cutting edge technology for the coming
generation will be born in the future. Thus, it is
worthy to watch with interest the trends of this
Initiative in the future.
43
Q U A R T E R L Y  R E V I E W  N o . 2  /  O c t o b e r  2 0 0 2
Table 6: Research costs of UC
(Unit: $ million)
Fiscal year Research cost The amount increasedfrom the previous year
2002 (estimate) 551 17
2001 534 88
2000 446 —
Table 7: Participating companies of the interdisciplinary
initiative
Industry Companies
Computer Microsoft, IBM, Sun Micro Systems,
Compaq, Texas Instruments, SGI, etc.
Communications Cisco Systems, Qualcom, Ericsson,
etc.
Bio Genentech, etc.
Aviation Boeing, etc.
Finance Bank of America, venture capitals
mainly in the Bayside area, etc.
Source: CISI official web site
http://www.ucop.edu/california-institutes/
(Original Japanese version: published in August 2001)
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7.1 Introduction
High-tech executives of Silicon Valley in the US
have recently been discussing in earnest the
removal of production bases and R&D bases
because of deterioration of earnings structures
due to the US economic slump, the problem of
rising labor costs because of protracted prosperity,
as well as the electrical power crisis in California
and rising power costs, etc., and as a new location,
Canada is being mentioned as a strong contender.
Investment capital for the fourth quarter in fiscal
2000 was actually down 30% in the US, but
increased 50% in Canada for the same period, and
we can conclude that US investment is flowing to
Canada.
Canada not only attracts research bases of
overseas companies through its preferential tax
system measures, it is also showing extremely
positive moves in terms of policy, such as the
building of alliances between education and
industry that serve as hubs, in the same way that
Stanford University formed the hub of minds of
Silicon Valley in the US, and IPO (initial public
offerings) incentives and so on that are very
appealing to entrepreneurs.
In Japan, some aspects of Canadian trends are
hidden in the US's shadow and are hard to
recognize, but in the field of computer software
and communications, there exists many of the
world's top technical sectors that surpass Japan
and the US, including the University of Waterloo,
which sends the greatest number of talented
people to US giant Microsoft, and Nortel Networks
Corporation, which has led the field of frontier
optical fiber communications in the past few
years.
Aspects of this kind of industrial policy have also
been taken up and attracted attention in JETRO
(Japan External Trade Organization) reports
recently, and this paper will focus on aspects of
science and technology policy and analyze
Canada's special features.
Canada's population is only one-quarter of Japan's
(Canada: about 31 million people, Japan: about 127
million people), and the number of Nobel Prize
recipients in natural science fields is the same as
Japan (total of six, Canada: two people have won
the prize for physics, three for chemistry and one
for physiology and medicine; Japan: three for
physics, two for chemistry and one for physiology
and medicine). Canada is also strong not only in
the information and communications field, but
also in basic sciences such as physics, chemistry,
medicine and physiology, etc.
In the past, the outflow of R&D human talent
(brain drain) and technology outflow from Canada
to the US and Europe was a major problem, but
the country has overcome this and is succeeding
in increasing research activity by conversely
calling people back and actively encouraging the
flow and mixing of human talent.
It is also worth noting that Canada has been the
first to implement policies that are also being
adopted in Japan, such as a matching fund system
for R&D and construction of industrial clusters,
and in addition to the construction of that kind of
research infrastructure, the major distinction of
new knowledge creation in Canada is its
recognition that the flow and mixing of human
talent with different cultures is very important.
7.2 Cooperation between
industry and University,
and bringing in foreign
investment
Though not very familiar to the average Japanese
person, about one hour from Toronto in the
direction of Detroit in the US is the town of
Waterloo. While being famous as a source of
maple syrup, Waterloo is also very famous for
University of Waterloo, one of the top-ranking
universities in North America including USA in
computer science research. Though close to
Toronto with its population of four million
people, it is also a place of great natural beauty,
next to St. Jacobs distr ict, self-sufficient in
agriculture and where a life of street lamps and
horse-drawn carriages still remains. As was
mentioned at the beginning, it is also known for
sending the highest number of graduates to
Microsoft in the US.
The CTT (Canada Technology Triangle) ICT
(information and communications technology)
cluster, straddling the three cities Waterloo,
Kitchner and Cambridge, is formed with this
University of Waterloo as the hub. In relation to
IT, three places including this CTT and the Ottawa
area, where there is a concentration of research
bodies of domestic and foreign communication
device makers including Nortel Networks
Corporation, Nokia and Alcatel, and Montreal,
where there are IT companies related to
multimedia, such as 3D image software used for
motion picture special effects, are known as the
Canadian East Cluster. (In the Canadian West, a
cluster is formed by Vancouver, Calgary and
Edmonton.)
We will now introduce the case of a start up
company that has shown developments not seen
in the US, at University of Waterloo, which among
this forms the hub of the CTT.
Waterloo Scientific was established in the 1980s
by C.J.L Moore, a professor at the University of
Waterloo, et al, as a highly reputed instrument
maker of compound semiconductors used for
devices that are currently very much in the
spotlight, such as lasers for communications, lasers
for CD/MD/DVD and other disks, and high-
frequency devices for satellite broadcasting and
mobile telephones. The company aimed to
develop and manufacture photo luminescence
measurement systems and X-ray diffraction
mesurement  systems, requiring very advanced
physical knowledge.
However, being an unknown Canadian start up
company, the company had a hard fight business-
wise, and in 1996 it received capital participation
from Dutch company, Phillips (the company name
also changed from Waterloo Scientific to Phillips
Material Characterization Systems: PMCS).
Phillips has a very strong R&D division for
semiconductor measuring instruments in Holland,
and in particular had also been boasting the top
share in X-ray diffraction machines, and there were
fears that the company would be taken over.
But PMCS, whose backbone was the Computer
Science Department of the University of Waterloo,
developed control software and data analysis
software for X-ray diffraction machines making
exhaustive use of advanced software technology
and simulation technology, and surpassed the
Dutch company. Through the unification of
Holland's high-level precision technology about
devices and Canada's advanced software
technology, the Phillips Measuring Instruments
Division became even stronger, and PMCS also
succeeded in making best use of its own unique
features without being swallowed by the Dutch
company.
This is a case where even with capital
participation by foreign investment, in terms of
technology, unique technology based on
cooperation between industry and university
increased the power of that foreign investment,
and consequently brought benefits in terms of
technology and human expertise for the
homeland.
7.3 New strategies in Canada's
science and technology
policies
In the previous section we talked about IT-related
matters, but in the same way as Europe and the
US, the next point of emphasis of R&D, while
emphasis on the importance of IT continues, is
shifting to the nanotechnology area and
biotechnology/life science area.
In regard to nanotechnology, a plan was
announced to commit 120 million Canadian
dollars (about 9.4 billion yen 1C$= 78.4 yen) to
the University of Alberta in the next five years to
establish a world class National Institute of
Nanotechnology (NIN). This research institute is
being established because it is thought that
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nanotechnology holds the key to breakthroughs in
a wide range of technological fields, from the
health and medical care area, to energy and
computer technology. This budget is comprised
50% of a federal appropriation through the
National Research Council (NRC) and 50% from
the Alberta state government budget. The number
of personnel is expected to be around 200.
In the same way as IT-related R&D mentioned
before, we can see that cluster construction-type
policies are being adopted.
Meanwhile in regard to life science, virtual
institute construction-type policies are being
attempted, in contrast to IT and nanotechnology
that have been mentioned so far.
Government research funding aid and
coordination in the life science field is carried out
principally by the Canadian Institutes of Health
Research (CIHR) started in 2000, and the 2001-
2002 base budget is 477 million Canadian dollars
(about 37.4 billion yen).
Dr. Philip Hicks, affiliated with the NRC and
currently also counselor in charge of science and
technology at the Canadian Embassy in Japan,
comments: "Research institutes under the CIHR
umbrella will not be gathered in one place.
Thirteen virtual institutes will be established, and
these will provide cross-wide support and linkage
of researchers at universities, hospitals and other
research institutions. This virtual institute will
have four mainstays of research including
biomedical, clinical medicine and medical care
systems and services; and research on social and
cultural problems that effect the health of the
population. This kind of research domain has
wide-ranging related fields of research, and diverse
knowledge becomes necessary in order to solve
one problem. For that reason, a virtual institute,
which encompasses various domains of learning
and research bodies, serves as an effective
method.
What is more, it is also an effective way to make
up for Canada's vast geographical intervals. And
since institutions and hospitals, etc. that actually
carry out research will remain as they are, it has
the advantage that technology transfer of results
will proceed quickly and smoothly. This is an
original approach by Canada that is
unprecedented in the world."
Furthermore, in regard to advanced genome
science, an experiment is being undertaken in the
form of a non-profit corporation called Genome
Canada, establishing five genome centers in
Canada with 300 million Canadian dollars (about
23.5 billion yen) from the federal government.
Through this Genome Canada, twenty-two large-
scale projects are being supported, covering not
only research on human genomes, but also a wide
range of genome-related research such as
agriculture, forestry and fisheries, the
environment, legal issues and ethical issues.
Involving two-thousand researchers and
technicians across industry, education and
government, it is planned to also provide training
opportunities to seven-hundred or more students
and post-doctoral candidates. Over 117
universities, hospitals, non-profit foundations and
companies are expected to take part.
7.4 Securing talented research
personnel in Canada
Up to the previous section we discussed features
of science and technology policy in Canada (IT=
cluster construction type, life science= virtual
institute construction type); next, we will talk
about securing talented research personnel in
Canada.
For many years, the outflow of talented research
personnel (brain drain) to neighboring USA has
been a problem in Canada. For example, while the
fact that at US company Microsoft, graduates from
University of Waterloo are the most numerous
confirms that the ability of Canadian students is
highly regarded, it also shows the extent to which
outstanding students are flowing out.
Since the difference between the US and Canadian
dollars shows up in the same way in terms of
income as well, it is unavoidable that those in
pursuit of a high income will set their sights on
the US.
Based on that kind of background, the Canadian
government is implementing a few policies.
First, measures to improve treatment of
researchers in order to prevent the outflow to
other countries promote improvement of research
facilities and improved treatment in terms of
income. Most conspicuous among those measures
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is the founding of "research chairs" (2000). This
will cost 900 million Canadian dollars (70 billion
yen) over the next five years, and offers high level
treatment as "research chairs" to researchers, who
form the core of universities and affiliated
researched bodies and hospitals. It will almost
double the wage level of those core researchers
(ensuring an annual salary of 20 million yen) and
it is said that it will be able to secure world-class
researchers for Canada. In addition to preventing
the outf low of outstanding Canadian-born
researchers, it also means that attracting top-level
researchers from overseas will be possible.
But it was also said the outf low of talented
research personnel was not necessarily negative in
all aspects. According to Counselor Philip Hicks
mentioned earlier, and Noriko Abe, Science and
Technology Examiner at the Canadian Embassy in
Japan, "The new knowledge creation in Canada
has major elements based on assimilation of other
cultures attendant to the outf low of skilled
individuals. Some leave for the US and Europe and
other come back. For instance, some go to Silicon
Valley in the US and work very hard to the point
of being workaholics, while others get tired of that
lifestyle and return to Canada seeking repose and
healing. Coming into contact with other cultures
and directly coming into contact with researchers
from other cultures in the midst of that kind of
outf low most surely gives rise fresh ways of
thinking of original theories that break through
conventional common sense. Creation is surely
stimulated."
7.5 Conclusion
In Japan, Canada's image lies between the US and
Europe and some aspects are difficult to be
known accurately, but among the G7 countries,
Canada along with the US is a country with a
government balance of payments surplus
considered from a national account base (from
1997), and continues to have extremely high
national strength. There is thought to be many
points that should be referenced in regard to that
success.
The angle of bringing in overseas technology and
research results to the homeland in particular is a
very interesting one. Canada recognizes that
Foreign Direct Investment (FDI) is very important
for technology-based economic growth, and  not
only giants such as Nokia and Alcatel in Ottawa
and IBM in Calgary, but also  venture companies
are inviting much R&D investment from overseas.
Government research as well stresses the
importance of partnerships and alliances with
overseas. And a foundation has been formed that
makes the results of that research (the) assets of
the homeland, and not just accomplishments of
the investing country.
Japan is also bringing in R&D investment and
outstanding researchers from overseas, and it is
thought that the creation of a system will surely
be sought whereby results stay in Japan and are
beneficial in terms of the treatment of Japanese
researchers and in training human talent.
Furthermore, it is thought that arguments like the
one to stimulate knowledge creation will also
serve as a reference for arguments to increase the
number of Japanese Nobel Prize recipients.
47
Q U A R T E R L Y  R E V I E W  N o . 2  /  O c t o b e r  2 0 0 2
(Original Japanese version: published in September 2001)
48
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
8
Trends in US Fiscal 2002 Federal R&D Budget Compilation
TOMOE KIYOSADA
Information and Communications Research Unit
8.1 Introduction
With the 2002 fiscal year close at hand (October
2001-September 2002) in the USA, Congressional
deliberations on the Federal budget of same are
entering the final stages.
A report in the May issue, "Policy Trends in the
Government R&D Budgets of Japan, the US and
Europe," surveyed America's fiscal 2002 Federal
R&D budget based on the Presidential budget
proposal announced April 9. At the time of
announcing the Presidential budget proposal,
however, the DOD (Department of Defense), to
which almost half of the Federal R&D budget is
allocated, was in the midst of a full-scale revision
of national defense policy, and so in the
Presidential budget proposal, as a budgetary
demand of the said department a value was used
temporarily in which inflation conversion and so
on was added to the fiscal 2001 budget.
Thereafter at the end of June, the aforementioned
revision of national defense policy was completed,
and the DOD R&D budget in the Presidential
budget proposal was revised upwards.
Furthermore, in response to the Presidential
budget proposal, the House of Representatives and
Senate held respective budget deliberations and
already budget bills for Federal agencies apart
from the DOD and NIH have been announced by
both houses, but these budget bills of the two
houses differ on many points with the Presidential
budget proposal. Furthermore on August 28, the
Congressional Budget Office revised downwards
the GDP real growth rate for fiscal 2002 from 3.4%
indicated in January this year, to 2.6%. This revised
value is also lower than the GDP real growth rate
of same (3.2%) that the White House's Office of
Management and Budget (OMB) estimated in the
State of the Union Message given on February 28,
and places greater pressure on the fiscal 2002
budget.
In view of the above, there is a strong possibility
that the fiscal 2002 Federal R&D budget will differ
quite significantly from May projections. For this
reason, this paper looks at the US fiscal 2002
Federal R&D budget based on the latest state of
budget preparation.
8.2 Budget compilation process
Compilation of the US Federal budget is carried
out according to the process shown below.
In the US, it is Congress and not the President that
holds the right to formulate budgets, and so the
President's Federal budget proposal is sometimes
altered considerably in the process of
Congressional deliberations.
8.3 Overview of
Presidential budget proposal
Figure 1 shows DOD budget amendments added
to the Presidential budget proposal, in regard to
Submission of Presidential budget
proposal to Congress
↓
Congressional deliberations
↓
Passage of House of Representatives
budget bill and Senate budget bill
↓
Formed into a Congressional budget bill
through a joint conference of the two houses
↓
President signs Congressional budget bill
↓
Budget approved
the Federal R&D budget for fiscal 2002.
Figure 2 shows the percentage of changes in said
Presidential budget proposal against the previous
year.
In the Presidential budget proposal, R&D
appropriations for the DOD and NIH have
increased about 15% compared to the previous
year, but other Federal agencies remain at current
levels or are decreasing.
8.4 Overview of House of
Representatives budget bill
The House of Representatives has already drawn
up a budget bill of Federal agencies apart from the
DOD and NIH in regard to the fiscal 2002 R&D
budget, and Figure 3 shows the percentage of
changes in said budget bill against the previous
year.
In the House of Representatives bill, R&D
appropriations for NASA and NSF are up 5-8%
from the previous year, while the DOC budget is
down about 10%.
8.5 Overview of
Senate budget plan
The Senate also has already drawn up a budget bill
of Federal agencies apart from the DOD and NIH
in regard to the fiscal 2002 R&D budget, and
Figure 4 shows the percentage of changes in said
budget bill against the previous year.
In the Senate bill, the appropriations for Federal
agencies apart from the DOD and NIH are all up
from the previous year and in particular the DOC
increase is substantial.
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Figure 1: Presidential proposal concerning the US fiscal
2002 Federal R&D budget 
DOD: Department of Defense
NASA: National Aeronautics and Space Administration
NSF: National Science Foundation
DOC: Department of Commerce
NIH: National Institutes of Health
DOE: Department of Energy
USDA: United States Department of Agriculture
Note: Created based on AAAS Report XXVI: R&D FY 2002 and
R&D in the FY 2002 Department of Defense Budget,
AAAS
Figure 2: Percentage of changes versus the previous
year of Presidential budget proposal
concerning fiscal 2002 Federal R&D budget 
Figure 3: Percentage of changes in House of
Representatives bill versus previous year in
regard to fiscal 2002 Federal R&D budget
Note: Created based on AAAS Analysis of R&D in the FY 2002
Budget (8/29 version)
Note: Created based on AAAS Report XXVI: R&D FY 2002 and
R&D in the FY 2002 Department of Defense Budget
AAAS
Figure 4: Percentage of changes in Senate bill versus
previous year in regard to fiscal 2002 Federal
R&D budget
Note: Created based on AAAS Analysis of R&D in the FY 2002
Budget (8/29 version)
8.6 Trends in
budget bill compilation
From figures 2 through 4, we can see that there
are many points of difference in the Presidential
budget proposal, House of representatives bill and
Senate bill, and differences in political party
colors, lobbying activities and so forth are cited as
factors for this.
As for R&D appropriations for Federal agencies
apart from the DOC and NIH, in the Presidential
budget proposal all Federal agencies are down by
and large compared to the previous year, while in
the House of Representatives bill, some Federal
agencies are down while others are up, and in the
Senate bill, they are up in the main. Political party
colors have a major influence in this. In other
words, with the House of Representatives, where
the President, belonging to the Republican Party,
and the power of said party are the dominant
force, there is a strong tendency to want to hold in
check Federal R&D investment, reflecting the said
party's line of wanting to entrust R&D activities to
industry. In the Senate on the other hand, where
Democratic Party strength is dominant, there is a
strong tendency to want ample Federal R&D
investment, ref lecting the said party's line of
wanting to promote R&D under the government's
initiative.
Furthermore, the reason that R&D appropriations
for the DOD and NIH increased while those of
other Federal agencies decreased in the
Presidential budget proposal of Figure 2, is largely
the result of the President having pledged to
"reduce taxes, put more emphasis on education,
strengthen national defense capability and expand
NIH support" in the recent Presidential elections.
In order to fulfill his campaign promise, the
President is trying to increase budgets for the
DOD and NIH, but increasing the Federal R&D
budget as a whole is difficult since decreased
revenues are expected due to tax cuts, and as a
way of shifting the loss, the President is trying to
reduce R&D budgets for other Federal agencies.
Next, Table 1 shows a comparison of R&D
appropriations in the Presidential budget
proposal, House of Representative bill and Senate
bill for each agency apart from DOD and NIH.
The NSF R&D budget is down in the Presidential
budget proposal compared to the previous year,
but up in both the House of Representatives and
Senate, and behind this are appeals to Congress
from the science community and others. Director
Koizumi of the AAAS R&D Budget and Policy
Program comments, "The science community and
others are making appeals to Congress so that
sufficient budget is allocated to the many types of
programs of NSF, which supports respective
activities, and this is having a major influence on
Congressional deliberations."
Furthermore, while the DOC R&D budget is down
in the Presidential budget proposal and the House
of Representatives bill compared to the previous
year, it is up in the Senate bill, and this is because
the assertions of both parties differ in respect to
the said department's ATP (Advanced Technology
Program). ATP is a program that was established
in 1988 in order to support basic technological
development in business, and the Republican
Party has a strong tendency to view it negatively
and the Democratic Party positively. For this
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Table 1: Changes against previous year of fiscal 2002 R&D budgets (for Federal agencies apart from
DOD and NIH)
Agency Changes in fiscal 2002 in respect to fiscal 2001 R&D appropriations
NASA Current state is maintained in Presidential budget proposal and Senate bill, but in the House of 
Representatives bill there is an approx. 5% increase.
DOE Presidential budget proposal shows a decline; House of Representatives bill maintains current state;
and Senate plan shows an increase of slightly less than 10%.
NSF Presidential budget proposal shows a decline, while both the House of Representatives and Senate
bills show increases.
USDA Presidential budget proposal shows a decrease of slightly less than 10%; House of Representatives
bill shows a slight decrease; Senate bill shows increase of slightly less than 5%
DOC Presidential budget proposal and House of Representatives bill show a decrease of around 10%,
while Senate plan shows an increase of around 15%.
reason, the President, belonging to the Republican
Party, and the House of Representatives in which
the said party is dominant, do not allocate an ATP
budget in the fiscal 2002 budget, but the Senate, in
which the Democratic Party dominates, allocates a
higher budget than the previous year.
8.7 Projections for
fiscal 2002 Federal R&D
budget approval
To approve the fiscal 2002 Federal R&D budget,
the Senate and House of Representatives from
now on need to put together DOD and NIH
budget proposals, and in a joint conference of the
two houses unify the House of Representatives bill
and Senate bill concerning the budget of all
Federal agencies including these, and have the
President sign it.
But for the DOD and NIH, not only is the budget
scale considerable, but the President is also hoping
for a substantial increase over the previous year,
but in June a bill was approved for a major
reduction in taxes, and budgetary constricted
pressure is also being applied because of the
downward revision of the GDP real growth rate,
and the formulation of DOD and NIH budget
proposals by the both houses and subsequent
adjustment is expected to make slow progress.
For this reason, approval of the fiscal 2002 Federal
R&D budget is expected to be delayed a further
few months after the beginning of said fiscal year
in October.
8.8 Comparison of
S&T policies of former 
Clinton administration and
Bush administration
The fiscal 2002 budget will be the first budget
compilation for the Bush administration and in
order to determine a direction in the said
administration's future S&T policies, it is attracting
much attention. Up to the previous section, we
have looked at forecasts of the fiscal 2002 R&D
budget from the Presidential budget proposal,
House of Representatives bill and Senate bill, but
when we compare budget formulation under the
new administration with that under the previous
Clinton administration, what features are
apparent?
In this section, we will compare the Presidential
budget proposal, House of Representatives bill and
Senate bill of the fiscal 2002 Federal R&D budget
produced under the Bush administration, with the
fiscal 2001 Federal R&D budget produced under
the former Clinton administration.
Figure 5 shows the percentage of changes in the
fiscal 2001 Federal R&D budget against the
previous year.
For the fiscal 2001 Federal R&D budget, all Federal
agencies show increases against the previous year,
and compared to the Presidential budget proposal,
House of Representatives bill and Senate bill of the
fiscal 2002 Federal R&D budget, the percentage
increases are the largest in many Federal agencies.
However, the DOD R&D budget, which President
Bush gives prominence to, is the exception.
In regard to this, Director Peterson of SRI
International S&T Policy Program comments, "The
previous Clinton administration supported a wide
range of R&D activities in Federal agencies apart
from the DOD, such as many types of IT initiatives
including next-generation network initiatives, state
nanotechnology initiatives and plans to double the
budget for NIH, but the Bush administration is
negative towards R&D support of Federal agencies
other than the DOD and NIH."
8.9 Conclusion
Compilation of the US fiscal 2002 Federal R&D
budget is riding rough waters, and approval is
expected to be delayed a few months after
commencement of said fiscal year.
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Figure 5: Percentage of changes in fiscal 2001 Federal
R&D budget against previous year
Note: Created based on AAAS Report XXVI: R&D FY 2002
The following points are likely to be argued over
in Congressional deliberations from now on.
蘆How to hold in check DOD and NIH R&D
budget increases
蘆How to constrict the budgets of other
Federal agencies or level the Social Security
funds surplus, in order to cover the DOD and
NIH budget increases
蘆With the ATP, whether to refrain from
appropriating any budget anew, or give strong
support, allocating a higher budget than the
previous year.
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(Original Japanese version: published in September 2001)
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It is essential to enhance survey functions that underpin policy formulation inorder for the science and technology administrative organizations, with MEXT
and other ministries under the general supervision of the Council for Science and
Technology Policy, Cabinet Office (CSTP), to develop strategic science and
technology policy.
NISTEP has established the Science and Technology Foresight Center (STFC)with the aim to strengthen survey functions about trends of important
science and technology field.  The mission is to provide timely and detailed
information about the latest science and technology trends both in Japan and
overseas, comprehensive analysis of these trends, and reliable predictions of
future science and technology directions to policy makers.
Beneath the Director are five units, each of which conducts surveys of trendsin their respective science and technology fields.  STFC conducts surveys and
analyses from a broad range of perspectives, including the future outlook for
society.
The research results will form a basic reference database for MEXT, CSTP, andother ministries.  STFC makes them widely available to private companies,
organizations outside the administrative departments, mass media, etc. on NISTEP
website.
The following are major activities: .........................................................................................
1. Collection and analysis of information on science and technology
trends through expert network
— STFC builds an information network linking about 3000 experts of
various science and technology fields in the industrial, academic
and government sectors. They are in the front line or have
advanced knowledge in their fields.
— Through the network, STFC collects information in various science
and technology fields via the Internet, analyzes trends both in
Japan and overseas, identifies important R&D activities, and
prospects the future directions. STFC also collects information on
its own terms from vast resources.
— Collected information is regularly reported to MEXT and CSTP.
Furthermore, STFC compiles the chief points of this information as
topics for “Science and Technology Trends” (monthly report).
About SCIENCE AND TECHNOLOGY FORESIGHT CENTER
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2. Research into trends in major science and technology fields
— Targeting the vital subjects for science and technology progress,
STFC analyzes its trends deeply, and helps administrative
departments to set priority in policy formulating.
— STFC publishes the research results as feature articles for "Science
Technology Trends” (monthly report).
3. Technology foresight and S&T benchmarking survey
— STFC conducts technology foresight survey every five years to
grasp the direction of technological development in coming 30
years with the cooperation of experts in various fields.
— STFC benchmarks Japan’s current and future position in key
technologies of various fields with those of the U.S and major
European nations.
— The research results are published as NISTEP report.
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